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SUMMARY 
Thermal comfort in Iranian courtyard housing 
(Shahin Heidari) 
School of Architectural Studies, University of Sheffield 
This thesis investigated thermal comfort for naturally ventilated housing in Iran 
with special reference to Ilam. An important aim was to establish the neutral 
temperature and the acceptable range of environmental conditions for Dam 
people in their houses. 
The methodology used for this aIm was field studies. These studies were 
divided into two parts- one in the hot season and the other in the cool season. 
The results showed a good relationship between neutral temperature and mean 
indoor temperature and also between outdoor temperature and neutral 
temperature. 
The indoor comfort temperature (Tn), which is dependent on outdoor 
temperature (Tom), could be found from the following equation: 
Tn = 17.3 + 0.36 Tom 
The findings of the study revealed that the Ilam people could achieve comfort at 
higher indoor air temperatures compared with the recommendations by 
international standards like ISO 7730. 
The results also showed that passive systems as a main comfort strategy could 
be applied to housing design in Ilam. By using the results of this study, 
strategies to minimise housing energy consumption, not only for Ilam but also 
for other regions, which have similar climates and cultures to Ilam, can be 
proposed. 
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Introduction 
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1.1 Background 
Charles Correia said: 
"To live in the third world is to respond to climate" 
This statement reflects the philosophy and practice of traditional vernacular 
architecture in which dwelling types and construction materials responded to 
their natural environment to provide the desired levels of comfort [Brobby; 
1987]. Unfortunately, in the third world today borrowing architectural ideas 
from the western modern style is usual. Developing countries started to receive 
a major influx of foreign ideas that were very different from their local 
traditions. As an example, the Egyptian minister of public works, Ali Mubarak 
wrote: "today people have abandoned the old ways in construction in favour of 
the European style because of its more pleasant appearance, better standards 
and lower costs. In the new system rooms are either square or rectangular in 
shape. In the old system living rooms together with their dependencies were 
disordered, corridors and courtyards occupied a lot of space, most of the spaces 
lacked fresh air and sunlight, which are the essential criteria for health, thus 
humidity accumulated in these spaces causing disease ..... facades never 
followed any geometric order and thus looked like those of cemeteries. In the 
lit'\\' .\'_vstem facades are ordered and have a good, familiar look" [1888]. This 
statement was made a century ago, when everything in developing countries 
was going to change. Today's problems are because of such ideas. 
One of the more unfortunate aspects of modern global development (not only in 
developing countries but also in developed countries) has been the introduction 
and widespread acceptance of the use of mechanical means for providing 
desired comfort levels for human habitation. This caused increasing demand of 
energy to power the mechanical comfort devices. In fact the proportion of 
l'ncrgy used in buildings for providing indoor comfort conditions has 
significantly increased within recent years. The main question is: 
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"With this amount of energy used in the design do the indoor temperatures 
match to the occupants' requirements"? 
Much evidence shows the answer to be "no". Surveys in air conditioned 
buildings carried out by students of Oxford Brookes University showed that 
almost 30% of occupants found the buildings too hot in winter on a daily basis 
[Nicol; 1993]. Different comfort conditions for people derived from field 
studies (in the real world) and comfort conditions from standards is a good 
example of the waste of energy for providing comfort conditions. There is 
evidence to suggest occupants are more tolerant of variation in conditions. 
Fortunately, designers are now actively encouraged to look at energy usage and 
conservation in many different fields. Studies of indoor thermal comfort will 
provide an estimate of indoor thermal conditions which are most suitable for the 
building's occupants. It is useful for guiding the design of buildings and 
enclosed environments, for achieving energy savings and to guide the control of 
environments which people can not control for themselves [Raw and Oseland; 
1994] 
The thermal comfort of building occupants is related to three groups of factors, 
namely physiological and psychological parameters together with behaviour of 
occupants, design of the building and the outdoor environment. Achieving 
comfort conditions requires an understanding of the interaction between these 
factors. Thus, any study of thermal comfort should take all these considerations 
into account. It is important to link climate and climatic elements with methods 
of building design according to human needs. Also, there is much evidence that 
people prefer to control their own thermal environment and use a wide range of 
possibilities in creating comfort conditions. It may be possible using these 
principles to establish a set of guidelines for providing thermal comfort 
conditions in buildings. If buildings are not well designed in terms of climatic 
response then the resulting conditions will make the demand for air-
conditioning perfectly reasonable [Baker; 1987]. 
It cannot be questioned that thermal comfort has been recognised by people in 
di ffcrcnt ways according to different insights and different expectations of life. 
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These are numerous strategies to achieve thelmal comfort. In many climate 
humans spend most of their time in cleverl y constructed shelters and are 
interested in thermal comfort. In line with other thelmal comfort researcher 
this thesis aims to enlarge the pool of knowledge of building science. 
1.2 Aims of this study 
While most developed countries have been trying to reduce as much as possible 
their energy expenditure in buildings , Iran is still some way behind. The use of 
energy is dependent on climatic conditions and the demand for energy to 
modify the internal environment in order to achieve indoor comfort. In Iran 
more than anywhere, architectural solutions to the provision of pleasant indoor 
conditions have been replaced by energy intensive mechanic al systems 
[Hashemi; 1996]. 
_ 4 ~ j . ,i 1--- -
- -
Figur l.l Example of modern office built in llam 
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After the war between Iran and Iraq (1991), about 3500 houses in the traditional 
parts of five cities in Iran were replaced with new and modern houses with 
central heating systems [The Revenue Operation: 1994]. The Iranian 
government also built more than 65000 m2 work places in Ilam [The Revenue 
Operation; 1994] with modern style and without any attention to climate 
[Heidari; 1996]. Figure (1.1) shows one of these buildings. According to the 
study's researcher experience in his city, people are satisfied in terms of indoor 
environment condition in their naturally ventilated houses which are built with 
passive systems. It seems, however, they do not need mechanical means for 
heating or cooling in their houses. Whether this is true or not was one of the 
main aims of the present study. 
The objective of this study will be a systematic investigation of thermal comfort 
in housing in a city in the hot region of Iran. It is important because of people's 
desire to feel thermally comfortable 
The following are the aims to be achieved: 
1- To use the science of thermal comfort to improve the understanding of the 
conditions under which people in buildings will be comfortable 
2- To identify a set of conditions which are considered comfortable by people 
who are living in the hot and dry climate in the west part of Iran. The set of 
comfort conditions can be used in the housing design of Iran. So another 
aim is to create design recommendations to be applied to hot dry regions of 
Iran. 
3- To determine the neutral temperature in the hot and cool seasons. 
4- To find out the relationship between neutral temperature and indoor 
temperature. 
5- To find out if there is any effect between indoor neutral temperature and 
outdoor temperature. Is it a real effect? 
0- To compare the neutral temperature of people who are living: in traditional 
courtyard housing: and in contemporary courtyard housing:. 
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7 - According to Humphreys [1994] "People will make themsel ves comfortable 
if they wish" so another and important aim of this study is to identify some 
of the adaptive behaviours used by people for providing comfort conditions. 
8- Make recommendations for future work in Iran. 
1.3 Scope of study 
Experimental work in this study consists of two parts. Firstly, a field study of 
thermal comfort in the courtyard housing of Iran. The important aim of this part 
of the study was to identify a set of comfort conditions. Secondly, field studies 
illustrate what has become known as the adaptive approach to thermal comfort. 
The two parts are restricted in scope to the following: 
1- Only courtyards housing (traditional and contemporary) were used in this 
study. 
2- All houses were naturally ventilated housing. 
3- This study concentrated on Ilam, which is one of the cities in the hot dry 
zone of Iran. 
4- Activity level and clothing value cannot be measured precisely. However, 
prediction values have been made as close as possible by using a check list 
recommended by ISO 7730-1994 and for unusual clothing, which is used in 
Iran, this study used a list of clo. values in Nicol's work [1994] and his team 
in the field study of thermal comfort in Pakistan. 
1.4 Structure of the study 
After this Chapter. Chapter Two discusses the geography and climate of Iran 
with a focus on Ilam, which is selected for the field studies. Next. Chapter 
Thrcl' looks at traditional and contemporary courtyard housing in Iran. It starts 
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off by discussing the concept of traditional housing in the hot dry zone of Iran 
and reviews some advantages, especially with respect to climatic considerations 
in this style of design. It further looks at contemporary housing in Ilam. 
Chapter Four reviews thermal comfort research. The Chapter begins with a 
brief outline of the history and current approaches to thermal comfort theory. In 
Chapter Five some previous studies on relevant research are reviewed. 
Chapters Six and Seven discuss the results of four thermal comfort field surveys 
taken during two seasons in Ilam. The methodology of the study is introduced 
in the first part of Chapter Six. The results of the four experimental works in 
Ilam, based on adaptation theory in a wider context, are discussed in Chapter 
Eight. A comparative analysis between the findings of this study and other 
studies are in Chapter Eight. This Chapter also attempts to compare the 
bioclimatic chart concept as well as Mahoney tables for Ilam. Chapter Nine is 
the concluding one and summarises this study and gives some suggestions for 
future research. 
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Chapter Two 
Geography and Climates of Iran 
8 
2.1 Introduction 
One of the main steps toward an acceptable study in thermal comfort is a sun·ey 
of climate and climatic elements at a given location. The purpose of this 
chapter is to provide a general understanding of the nature of the hot climate. 
focusing on the geographical area of the present study. 
The review starts by looking at a general description of the history and 
geography of Iran. It continues with a study of climate and climatic elements, 
climatic classification, and the nature of hot arid zone of Iran. A brief 
illustration of Ilam and climatic elements of this city, which is used in this field 
study, is in this chapter. It is needed and will be helpful in understanding later 
chapters 
2.2 Iran and the geography of Iran 
2.2.1 History 
The land know today as Iran and called Pars or Persia in the past has a history as 
ancient as human civilisation [Wilson; 1930]. The history of ancient Iran can be 
divided into a period prior to the arrival of the Aryans and the one afterwards. 
The latter period itself is divided into pre - Islamic and Islamic periods. 
In the Aryan period, various ethnic groups lived here, as attested to by traces of 
their rules and civilisations. The most ancient among them were the Ilamites: 
(The present Ilam is a big part of primitive Ilam). After the arrival of the 
Aryans, Iranian culture liberated itself from Greek dominance and Pahlavi 
becomes the official language of the country. The Islamic era in Iran can be 
subdivided into several periods. From various viewpoints, including the 
proclamation of an official religion, the creation of a strong central gO\'l~rnment. 
the subjugation of local warlords, resistance against foreign intrusion, a 
flourishing economy, and rural and urban development, particularly in Esfahan 
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and its magnificent monumental architecture, this period was one of country" s 
most important periods of glory and development. 
2.2.2 Population 
Iran had a population of about 10 million around the year 1900, which has 
increased more than six-fold in less than a century. Over 60% of the population 
lives in towns and cities, a little under 40% lives in rural areas and a small 
portion are seasonal migrants. The town-dwelling ratio in Iran has always been 
higher than the world average, for instance in 1996, while this ratio stood at 
36% in developing countries and at around 45% in the world at large, it rose to 
over 60% in Iran, [Zandjani; 1998]. 
2.2.3 Geography 
Iran is located in Southwest Asia and shares border with Turkmenistan, 
Armenian, Afghanistan, Iraq, Pakistan and Turkey, (Figure 2.1). 
Iraq 
Saudi 
Arabia 
Qazvin 
• Tehran 
• Hamadan 
.Qom • 
nshah 
Ara4f< 
Esfahan 
• 
Bah;ian . \. ; .. ;. . PersJall 
\~~t~1" 
-'; .. : 
.;;:.~{ . 
Turkmenistan 
Kerman 
• 
Oman Sea 
Figure 2.1- Geographical map of Iran 
10 
Iran covers an area of some 1648000 sq. km and extends between 25° and 40° 
N, and longitude 44° and 63° E [Bahadori; 1973]. 
Iran has a frontier that has been estimated at 4455 km in total length, of which 
over half is seacoast, with 650 km lying along the Southern Caspian shore, and 
the remainder comprising the northern parts of the Gulf of Oman and Persian 
Gulf. 
In terms of physical geography, Iran covers part of the Iranian plateau, located 
at the centre of the vast dry Eurasian belt, and lies at an equal distance from the 
desert steppes of Central Asia and the arid regions of northern Africa and 
therefore includes both cold mountainous regions and torrid, arid deserts. The 
Alborz mountain range, on the north, separates the alluvial regions of the 
Caspian Coast from the Central Iranian plateau. This range runs from the 
country's borders with Turkey and Armenia, to the Hindu Kush in Afghanistan, 
culminating at Mt. Damavand, which rises to an elevation of 5671 meters 
Northeast of Tehran [Ehlers; 1986]. Western Iran is shaped by the particular 
environment of the Zagros range. These two ranges, as well as smaller ones in 
central Iran, have created various environmental and climatic conditions. 
2.3 Climate 
2.3.1 Definition 
Climate is defined by the Oxford English Dictionary as "region with certain 
conditions of temperature, dryness, wind, light, etc". 
For a scientific and semantic definition, according to Koenigsberger et al 
[1973], climate is 'an integration in time of the physical states of the 
atmospheric environment, characteristic of a certain geographical location'. In 
this definition two things are important- time and location- which produce an 
infinite variety of climates. Also, this variety is changeable by natural and man -
made forces. 
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2.3.2 Classification of climate 
The boundaries of climatic zones are vague and cannot be accurately mapped. 
However, for a good approach to building design with climatic considerations a 
classification of climate is essential and very closely related to the amount of 
knowledge of climatic patterns. Indeed, the primary objective of building is to 
provide an acceptable habitat. In the classification of climate, the constituents 
of climate which promote a particular mode of heat dissipation from the human 
body and call for certain specific features in building design, are combined 
together to form a particular climate zone. 
Climatic classification is usually based on the various climatic studies for a 
regIOn. This can be a single element or a combination of elements with 
attention to the relationships between them. Relationships should be identified, 
because the combined effect of different elements is usually different from the 
effect of one, [Gotz; 1986]. 
The variation in judgement of climate also depends on altitude, past experience, 
physiological metabolism of individuals and desirable conditions. 
There are many climatic classification systems, but W .Koppen' s [1936] system 
is generally accepted. Koppen's method was first published in 1918, based upon 
organising the many types of climate into several classes. Its simplicity is one 
of the most attractive characteristics of this method. A benefit of this scheme is 
that it uses numerical values for defining the boundaries and symbols for the 
great types of climate as well as lesser subdivisions. 
Koppen determined five basic climate zones, using the relationship of climate to 
vegetation, which are: 
1- Hot- humid or tropical rainy climates with no cool season 
2- Hot- arid and semiarid or dry climates 
J- Temperate or middle- latitude rainy climates with mild season 
-l- Cold or middle- latitude snow climates with severe winter 
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5- Arctic or polar climates with no warm season 
The second category, which is important in the present study. is divided into 
two subgroups: semiarid and desert. 
According to Olgyay, [1963], the details of Koppen's classification are not 
directly applicable to housing. He noted that for architects' use human need is 
the determining factor. However, according to the scope of this study a hot dry 
region which is a main class or subclass of any climatic classification system, is 
used. 
2.3.3 Hot dry region 
Hot dry regions are found in the subtropical latitudes, approximately between 
15 and 30 degrees North and South of the equator, in central and western Asia, 
the Middle East, Africa, North and South America and in central and Northwest 
Australia. These regions are characterised mainly by their aridity, high summer 
daytime temperature, large diurnal temperatures range and high solar radiation 
and low humidity [Givoni; 1998]. Such characteristics affect human comfort 
and building design. Summer is the more stressful season and winter in some 
hot dry regions is comfortable while others may have winter temperatures well 
below freezing, such as Southern New Mexico in the United State or in Iran. 
The boundary between this category by Koppen (Semiarid and desert) is fixed 
by the rainfall value and can be determined by the following formulae: 
For semiarid: 
• If rainfall evenly distributed: R > T + 7 
• If rainfall concentrated in winter: R > T 
• If rainfall concentrated in summer: R > T + 14 
For desert: 
• If rainfall evenly distributed: R < T + 7 
• If rainfall concentrated in winter: R < T 
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• If rainfall concentrated in summer: R < T + 14 
where: R is the average annual rainfall in (cm) 
T is the average annual temperature in (OC) 
2.3.4 Climatic elements 
In the hot region, the principal climatic elements for building design are solar 
radiation, air temperature, humidity and wind. 
This section briefly describes these elements which will be helpful. A full 
description is beyond the scope of this study. 
Solar radiation is the source of almost all the earth's energy and is, as a result. 
the dominating influence on all climatic phenomena. The intensity of solar 
radiation at the upper limits of the atmosphere varies according to the earth's 
distance from the sun and the solar activity. A part of the incoming solar 
radiation is reflected by the surface of the clouds, and part is absorbed by the 
atmosphere in layers, while a certain amount is scattered in all directions by the 
air molecules themselves. In arid zones a large percentage of the radiation 
reaches the ground. Solar radiation varies greatly with the geographic location, 
the altitude and the weather. 
The four main channels of radiation heat transfer affecting buildings are direct 
short- wave radiation from the sun; diffused (part of the scattered radiation) 
short- wave radiation from the sky -vault; short- wave radiation reflected from 
the surrounding terrain; and long- wave radiation from the heated ground and 
nearby objects. These affect buildings in two ways, first by entering through 
windows and being absorbed by internal surfaces, and then, through being 
absorbed by the outside surfaces of the building. Another major form of heat 
transfer affecting buildings is longwave radiation exchange to the sky, an effect 
which is reduced when the sky is clouded and is strongest when the atmosphere 
is clear and dryas in hot- arid zones where it can be utilised as a source of 
energy for cooling buildings, [Konya: 1980]. In the hot climate, it is 
particularly important that the designer influences these effects, and knows how 
this can be done. 
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For solar radiation measurements, a simple sunshine recorder will re£ister the 
'-' 
duration of sunshine, which can be expressed as number of sunshine hours per 
days, as an average for each month, [Koisingberger et al; 1973]. 
Along with solar radiation, air temperature is important. According to Givoni 
[1976], the rate of heating and cooling of the surface of the earth is the main 
factor determining the temperature of the air above it. At night the surface of 
the earth is usually colder than the air as a result of long- wave radiation to the 
sky, and so the net heat exchange is reversed and air in contact with the ground 
is cooled. In general, temperatures are lowest just before sunrise, as diffused 
radiation from the sky causes the temperatures to rise even before dawn, and 
highest over land about two hours after noon, when the effects of the direct solar 
radiation and the high air temperatures already prevailing are combined. 
The available local meteorological data on air temperature can be used for 
architectural design purposes. Furthermore monthly mean, minimum and 
maximum temperature will give an indication of the diurnal variations. These 
can be large in the hot arid zone. Building design must make allowances for 
this. 
Although in hot arid regions relative humidity is normally low, it should be a 
consideration and it is important to measure it in the hot climates. Relative 
humidity, as well as vapour pressure, is used to express the moisture content of 
air. The relative humidity of the air concerned will vary with any change in 
temperature. It is the ratio of the actual humidity in a given volume of air to the 
maximum moisture capacity at that particular temperature. 
Wind is the last parameter, which is very unstable. The variability of the wind 
is revealed in its direction and its speed. Both of them are strongly influenced 
by several factors, such as the daily variations in heating and cooling of land 
and sea, the topography and the seasonal global distribution of air pressure. 
Wind is characterised by three variables: direction (winds are always named by 
the direction they come from), speed and the degree of uniformity (wind is not a 
steady current but is made up of a succeSSIOn of gusts. slightly variable in 
direction, and separated by lulls). 
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Wind is important in the hot climate and is used for ventilation in this zone. For 
any ventilation system, as well as for the level and size of any openings, wind 
will determine the pattern of what is needed. 
2.3.5 Climate and climatic classification of Iran 
Iran has a complex climate, ranging from sUbtropical to sub - polar. In winter. a 
high pressure belt slashes west and south to the interior of Iran, while low-
pressure systems develop over the warm waters of the Caspian, the Persian 
Gulf, and the Mediterranean. During the summer the winds are dominated by 
the Indian monsoon system. Its direction over most of Iran is again more or less 
from north or north- west, but topography plays a great part in modifying this 
general picture. On the other hand because of the special disposition of the 
mountain ranges and the influences of the seas, air temperature is different from 
one place to another. In the summer, temperatures vary from a high of 53°C in 
Dehloran that is near Ilam, to a low of 1°C in the north - west of the country. 
Precipitation also varies greatly, ranging from less than 25 mm in the south- east 
to about 200 mm in the Caspian region. 
From time to time, the country is exposed to the movement of air masses that 
originate in distant places and are therefore initially of totally different 
temperatures from those prevailing in Iran. Such air masses can exert a great 
influence on the pattern of temperature distribution within Iran. The middle of 
summer time is July and August, which are the warmest months of the year. 
Hariry et al [1985] divided the country into 8 zones, Kassmai [1992] suggested 
12. However according to the Iranian National Building Code by the Ministry of 
Housing and Development [1993], the country is divided into five main climatic 
zones which are: 
[A]- Winter temperate, summer hot and dry- this region experiences generally 
higher temperatures. July is warm and dry, but December and January are 
pleasant. 
[B]- winter temperate, summer warm and humid- characterised by a low annual 
range of temperature, with relatively high values. The mean monthly minimum 
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is reached in February. August is the month with the highest mean temperature, 
and both these characteristics are due to the retarding influences of the sea, as 
has already been in6mated. 
[C]- winter cold, summer hot and dry- the mean monthly temperatures in this 
zone are high with very low relative humidity. Four months in each year are 
very hot and dry (June- September) . During summer daytimes are hot and 
night-time is pleasant. 
[D]- winter warm but summer hot and humid- in this area, January is the coldest 
month, and July is hottest. Relative humidity is often high more than (60%) 
during the year. 
[E]- winter cold but summer warm and dry- this IS characterised by a low 
December and January mean value, which almost approaches freezing point. 
August is the warmest month and' often relative humidity is high during winter. 
Five months in each year, it is cold and humid (November- March). 
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Figure 2.2 The boundaries of the various climatic region of Iran 
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The boundaries of the various climatic regions are marked in Figure (2.2). 
Tables (2.1 and 2.2) as well as Figures (2.3 and 2.4) shows the mean monthly 
air temperature and relative humidity in each group. 
Table 2.1 Mean monthly air temperature for the five main climatic zones of Iran 
Months J F M A M J J A S 0 N D Year 
A Tom 12.7 14.4 19.0 24.5 30.6 34.7 36.3 35.3 32.2 26.6 19.4 14.2 24.9 
B Tom 9.2 7.7 8.7 14.0 18.7 22.6 25.3 25.2 22.7 17.8 13.1 10.6 16.0 
C Tom 4.4 6.1 11.2 17.0 22.1 27.5 30.2 28.8 24.8 18.4 11.4 6.8 16.9 
D Tom 17.4 18.2 21.6 25.6 29.9 32.2 33.1 32.7 31.1 28.3 23.4 19.4 26.1 
E Tom 2.4 3.2 8.3 13.3 17.5 22.3 25.5 24.8 21.5 15.9 9.5 4.6 14.8 
Table 2.2 Mean monthly relative humidity for the five main climatic zones of Iran 
Months J F M A M J J A S 0 N D Year 
A Rh% 68 63 54 46 38 34 31 35 37 41 51 66 44% 
B Rh% 83 86 85 83 79 78 75 78 79 82 82 79 81% 
C Rh% 63 61 51 42 35 24 21 21 26 34 45 66 45% 
D Rh% 65 67 64 60 59 64 71 66 64 66 60 63 62% 
E Rh% 69 64 61 53 51 45 40 39 37 48 58 67 52% 
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Figure 2.4 Mean monthly relative humidity for the five main climatic zones of Iran 
2.4 The City of Ilam 
2.4.1 Geography 
The city of Ilam is located in the west of Iran, and it lies at 1319 meters above 
sea level on latitude 33° 38' Nand 46° 26' E longitude. According to Fisher 
[1968] Ilam is in the Zagros region which is one of the four major parts of Iran. 
In this region, in terms of structure and topography, two distinct sub-regions 
may be recognised as a North-western section and the main Zagros. The 
general topographical effect on the north-west section is consequently that of a 
series of irregular tablelands, which lie at an average altitude of 1500 to 2000 m 
over much of the area, but another part of this region is quite different from the 
point of altitude. Kermansha with 1322m, Dezful with 144m, Ilam with 1319m 
and Mehran with 155m all are in main Zagros. On the other hand according to 
the Iranian National Building Code [1993], Ilam is in the group [C] of their 
climatic classification, which is hot and dry zone of Iran. In terms of climatic 
clements, this is exactly right, but there is a doubt in terms of physical 
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geography and the arid zone nature of Iran. However, it is acceptable that Dam 
is in a hot and dry region of the country, [Tavassoli, 1980]. 
2.4.2 Climate 
The temperature difference between summer and winter and also between day 
and night is great, so that is creates an environmental conflict when determining 
the appropriate form and orientation for both the buildings and the whole 
settlement. 
Two months in the winter and five months in the year are periods featuring 
rather harsh conditions as cold and hot respectively. During the critical summer 
months relative humidity is low and diurnal temperature difference is high. The 
whole historical climatic data for a period of 10 years (1982- 1992) is given in 
Table (2.3). A longer period of historical data (such as Mehrabad airport office) 
was available. Because of the accuracy of the data of the war office, the present 
study used such data 
The most critical months of the year, from the point of view of temperature 
studies, are the midsummer and midwinter months, during which extremes of 
temperatures usually occur. In Ham July is the hottest month with low relative 
humidity. Figure (2.5) shows the historical air temperature of Ilam for a period 
of 10 years and Figure (2.6) show the equivalent relative humidity data. 
Table 2.3 Historical monthly climatic data of Ilam 
Months J F M A M J J A S 0 N D 
Tom (Max) 12.1 14.4 18.7 25.4 28.5 35.8 41.0 38.2 34.8 28.5 24.8 18.3 
Tom (Min) 2.1 3.7 7.1 9.9 14.6 18.7 21.4 19.3 l7.1 12.8 8.9 5.5 
Tom (Ave) 7.1 9.2 12.9 16.7 20.4 25.7 31.5 28.7 24.3 20.6 16.8 11.9 
Rh% (Max) 70 69 61 53 47 35 29 31 35 47 60 66 
Rh% (Min) 46 41 37 32 23 19 15 18 20 25 40 43 
(Pl'Iilld or 10 YClrs 1982-1992- data from war meteorological office of Ilam) 
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2.5 Conclusion 
This chapter has discussed the characteristics of the climate in general and the 
hot dry climate in particular. A general outline of Iran in terms of history and 
geography with special reference to Ilam has been given. 
The next chapter will discuss the features of housing in Iran and also the effects 
of climatic conditions in housing design are presented. 
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Chapter Three 
Iranian Housing 
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3.1 Introduction 
All agree with the comment that designing comfortable housing for a hot dn 
climate requires considerable skill and knowledge. It is not only knowledge of 
building technology but also knowledge of life styles. To understand better the 
architectural demands an understanding of the way of life, especially when a 
traditional society is under consideration. Rapoport [1969] argues that many 
groups of people built their shelter not only to protect themselves from the rigours 
of the physical environment, but also as an expression of their way of life. This 
can help explain why some people use tents as shelter while others use thick mud 
walled houses in the same climate. In fact a range of adaptive mechanisms for 
comfortable conditions according to culture and climatic variables has been divied 
during the course of man's experience with hot dry zone living. This chapter will 
briefly attempt to look at the relationship between housing design and comfort 
conditions. 
Two categories of housing are identifiable: traditional housing and contemporary 
housing. Iranian people in traditional housing have, over the centuries, attempted 
to exploit the local resources within the means at their disposal in order to solve 
the thermal problems facing them. Successive processes of trial and error over 
long periods of time have resulted in the development of some concepts 
concerning the thermal performance of housing. These evolving concepts were 
influenced by changes in people'S requirements induced by changes gradually 
taking place in their societies [Mohsen; 1978]. On the other hand contemporary 
houses are built in response to new technology and modern life styles. The 
progress in the means of communication has helped in the exchange of ideas 
between people of different backgrounds. It seems that the contemporary house 
has many problems because of its concepts which were originally formulated by 
European and American architects in entirely different contexts [Cornell: 1957]. 
Therefore, another aim of this chapter is to compare traditional and contemporary 
housing in terms of sensitivity to climate in Iran. 
24 
3.2 General Consideration 
3.2.1 Definition of traditional and contemporary houses 
Although the definition of traditional architecture is unclear, it seems the 
underlying meaning is indigenous architecture by an indigenous community 
[Denyer; 1978]. Moreover it is commonly used to mean architecture indigenous to 
a region, using local materials, and low-level technology and not designed by 
experts. Another definition that is accepted, is "the traditional architecture is a 
type of architecture developed by the community, not an individual, as an 
expression of its culture and as a shelter from the rigours of the climate". 
According to this terminology, the term traditional house which is used in the 
present study simply means a house constructed with traditional methods and 
materials and generally built by a non- architect to house an extended family living 
in the traditional way. 
A contemporary house, on the other hand, is built with new materials and new 
modes of construction. The word "contemporary" is defined as meaning "existing, 
living, occurring at the same time as". The word implies a comparison between at 
least two things, and it conveys no hint of approval or disapproval, but as used by 
many people, the word does carry a value judgement. It means something like 
"relevant to its time" and hence to be approved, while "anachronistic" means 
"irrelevant to its time" and is a term of disapproval. This raises the two questions 
of what it meant by time and what we mean by relevance- and to what? To judge 
the criterion of contemporaneity, we must sense the forces that are working for 
change, and must not passively follow them but rather control and direct them 
where we think they should aim [after Fathy; 1986]. 
Two words also are used in the present study repeatedly, which are "indoor" and 
"courtyard". The term "indoor" is used in this study to refer to a building, which 
is closed, and minimising the flow of hot (cold) outdoor air through it. The 
conductive heat gain can be controlled by walls or other elements. or by the 
thermal resistance of the building envelope. The term "courtyard" is used for an 
uncovered space, which is open to the flow of the ambient air. People staying in 
courtyards are exposed to several direct and indirect forms of solar radiation. 
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3.2.2 Traditional courtyard housing in hot dry zone of Iran 
Traditional courtyard houses in Iran are the products of a long period of 
evaluation, incorporating qualities and characteristics, which are the distillation of 
generations: of the combination of experience and invention, of climatic influence, 
of Muslim lifestyle and craft traditions. 
The traditional houses all obey one fundamental rule of being planned around a 
central open courtyard, which is either square, as an ideal courtyard, or 
rectangular, with various sizes, depending on the socio-economic level of the 
family (Figure 3.1). 
• 
Figure 3.1 A typical courtyard house in dry region of Iran (Source. TavJ',soli; 1980) 
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A typical courtyard generally has a planted, paved section and one pool. Various 
trees and flowers may grow in the courtyard and help to create a microclimate. 
The paved section is used for many activities, especially in the summertime. and 
pools are again typical features of courtyards. Water in there is used for household 
work and for watering the paved area. Depending on the time of the day there is 
always a shaded area in the courtyard, enabling the family to carryon their activity 
and at the same time to enjoy nature, water and cool breezes. It also provides a 
useful living and sleeping area for adults and a safe play area for small children. 
In the summer the courtyard is used mainly in the evenings while in the winter it is 
normally used for day activities. 
Other spaces within the house are placed around the courtyard and open their 
doors and windows towards that direction. The great room is the Ursi, which is 
always at its most interesting and dramatic seen from within where the rich 
patterns set against the light of the courtyard and the subdued broken filigrees 
create soft and complex harmonies carpeting the room with a pattern of light. In 
the best arrangement it has doorways at each end, symmetrically opposed in the 
short sides and reached from the Ivan. It is used for sitting, especially in winter, as 
a celebration room. 
Every traditional house has an Ivan as part of the house, which is semI open, 
closed on three sides and on top and connected to the courtyard by its open end. 
Ivan is a very important space for the family since it is always shaded and has the 
advantage of being open. In fact it is like the living room of houses in summer. 
Women do their housework, carryon some activities together or chat in there. 
Due to seasonal division of houses, other rooms around the courtyard are divided; 
the ones used during summer have a northern orientation, which secures shading 
as well as day and night breezes. Winter rooms generally have a southern 
orientation and provide sunny, warm days. This is reflected in daily living to 
achieve comfort conditions. People live indoors during the day, but never stay 
inside at night. 
The traditional houses are sharing party- walls with minimal street elevation. Off 
the narro\\' streets, through ornamental doorways. the entrance passage\\'ay lead 
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into the courtyard which is always shielded by a break in alignment, a turn, or at 
worst, simply a screen. The doorways themselves are arranged so that they are not 
directly opposed across the street, and so, from the outside, nothing of the life of 
the household would be visible. 
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Most of the houses have an underground level, which are semi- basements. The\' 
are brick- vaulted rooms and gain light and ventilation from the courtyard. 
Many of the traditional houses have two kitchens, one indoors for winter use, 
which is small and often underground, and one outdoors for summer use. 
Washing and food preparation are carried out in the courtyard, with the kitchen 
being no more than a cooking place. For the preparation of large feasts the whole 
courtyard might be turned into a kitchen. 
Bathrooms are rare and most of the citizens make use of the public bathhouses of 
the city. The small bathroom of the contemporary house is unknown in the 
traditional house. 
Examples of traditional courtyard housing still exist in the old districts of many 
cites of Iran such as Dam, and a few of them are preserved in a good condition (see 
Figure 3.2). 
3.2.3 The contemporary housing in Iran 
Encounters with the manifestations of nineteenth century European civilisation 
and the arrival of a number of Western manufactured goods in Iran brought about 
changes in housing design [Saremi; 1998]. An example is the transformation of 
Ursi and Ivan of ancient houses into large halls flanking elaborate, majestic 
stairways, which upsets the originality of traditional Iranian houses. At the same 
time, socio-economic changes affected the houses in other ways; they were 
divided into smaller units, which destroys the unity and philosophy behind the 
original design. On the other hand, because of the lack of conservation policy the 
rest of the traditional houses were being destroyed and replaced by new houses. 
The central courtyard disappeared and was replaced by a yard in front or behind 
the house without any architectural elements. All rooms were grouped around a 
central hall, which served as the gathering place for family members (Figure 3.3). 
The small wooden windows were replaced by large openings, which increased the 
intensity of light and ultraviolet radiation in many parts of the house. 
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K itchen 
Bath Hall 
Patio Famil y roo m 
w.e. 
Bed room 
Courtyard 
Figure 3.3 A typical contemporary housing 
In one way, the contemporary houses anywhere of Iran are quite similar. All are 
based on a European style, concept and materials . The use of thi s concept and 
these materials is considered to be a symbol of wealth . 
In Dam nearly all contemporary houses are informal and created without approval 
of the authorities. In general these houses consist of a main hall , a li ving room, 
one or two or three bedrooms, a kitchen and a bathroom . Extern al and intern al 
wa ll of one or two storey houses are brick-made and roof materi als are teel, 
brick gatch (a mixture of chalk and water) and clay . Intern al pi a ter of the roof i 
mad of gatch and ex tern al cover with cement and meared wi th tar. Door and 
window fram es are in _ te I. It seems these materi al e_peciall roof materi al ' , ar 
not suitabl e in term of energ con ervati on and therm al capacity. 
30 
3.3 Hot climate, housing design and people's behaviour 
Before the advent of the industrial era and mechanisation, man depended on 
natural sources of energy and available local materials in forming his habitat 
according to his physiological needs. Over many centuries, people everywhere 
appear to have learned to interact with their climate. They built houses that were 
more or less satisfactory in providing them with the microclimate that they needed. 
In consideration of climatic design the traditional houses have a lot of advantages 
[Rapoport; 1969], [Konya; 1980]. But, in the eagerness to become modern, many 
people have abandoned their traditional age-old solutions to the problems 
presented by local climate. Modern architects have attempted to solve climatic 
building design with modern technology and this is the beginning of many 
problems. What should be done? It is true that the present conditions are different 
from the past conditions but it is also true that the climate has not changed, so 
some of the traditional solutions are still applicable. It is not being suggested here 
that house designs as in all places should return to the principles that were utilised 
prior to the present time, as social, cultural and economic conditions are not the 
same. However, there are many aspects of these methods that seem to have been 
simply ignored. Obviously not all traditional architecture is climate sensitive, but 
there are some important lessons that can be learnt from studying them 
[Koenigsberger at al; 1973]. 
Unfortunately, not only are many useful spaces in traditional styles of building 
design not used but also the modern style has created many problems for people 
who are living in the traditional houses. This can be seen in the old part of the 
many cities of Iran. Contemporary high buildings with different proportions cut 
off the wind, destroy the microclimate of houses, and overload the sewage and 
water supply system of the old part of city. Many people cannot sleep on roofs 
comfortably because new buildings cut off the breeze and overlook their roofs and 
courtyards. Water cannot be supplied to pools and the majority of pools are dry 
and fi !led up and trees have difficulty to survive. For these reasons, the 
atmosphere of traditional houses in Iran is changing rapidly; they are losing all 
their microclimatic advantages. 
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The importance of climatic considerations in the housing design is clear, because a 
principal purpose of housing is to change the microclimate. In fact, the essence of 
climatic building design is that it recognises the role of the building as a mediator 
between the external climates as provided by nature, and the internal climate as 
required for the comfort of occupants, [Baker; 1987]. Givoni [1994] notes that 
architectural means for achieving climatic design include such conventional design 
elements as the layout of buildings; orientation; size; location and detail of 
windows; shading devices; thermal resistance and heat capacity of its envelope. 
In the hot arid zone of Iran climatic consideration in traditional housing design 
was very important. There is no doubt that climate had its impact on a number of 
design and construction elements of traditional houses, such as internal circulation, 
external orientation and the used of materials and architectural elements. People 
were forced to devise ways to cool their houses with only natural sources of 
energy and physical phenomena. In fact they use numerous strategies to achieve 
thermal comfort which can be divided in two categories. 
1- Permanent behaviour, such as the choice of a suitable site for houses, right 
direction, best shape, thermal capacity of materials and the choice of heating 
and cooling systems. In fact people have adapted to create comfortable places 
for themselves. Some of them are described as follows: 
When the outdoor temperature is higher than the indoor temperature, the roof and 
walls are exposed to the sun and are heated. They transmit this heat to the inner 
room surfaces, where it raises the temperature of the air in contact with it by 
conduction. Heat is radiated and intercepted by people and objects indoors, 
thereby affecting thermal comfort. In hot countries it is popularly believed that the 
roof is the main heating element of a house and then walls [Givoni; 1976]. 
A method that was used in Ilam was to cover the roof by wooden beams and slabs 
with a layer of earth and then a plaster of clay, straw and salt on top of them. This 
traditional method for a flat roof gives good heat insulation and a considerable 
heat capacity. The light colour of this roof has much benefit. Light colours will 
reflect a large part of the incident solar radiation. On the other hand the thermal 
performance of roofs is closely associated with the problem of ceiling height. It is 
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generally believed that high ceilings are more effective in providing cool interiors 
in buildings in hot dry areas than lower ceilings [Saini; 1962]. 
It is interesting that in the traditional housing of Iran summer parts and Ivan often 
have high ceiling of more than 3.30 m, which is recommended by Givoni [1962 
and 1976] (Figure 3.4). 
Figure 3.4 High ceiling of Ivan (3L) to compare with low ceiling of winter area (2L) 
(Source: Tavassoli; 1980) 
In the traditional housing in Iran surfaces exposed to the sun are reduced and walls 
are thick to provide good thermal capacity. The walls are built of mud, so they 
have a low rate of heat absorption and also reflect the sunlight. People also reduce 
the exposed surfaces of the houses by constructing houses attached to each other 
with common walls, in a cluster form. They reduced solar gain on the walls by 
building deep courtyards surrounded by rooms, planting, trees and shrubs in them, 
and entrapping the cool night air for several hours of the next morning [Tavasoli; 
\980]. 
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In hot dry regions provided the openings are carefully designed and located, the 
insulation value and heat-storage capacity of opaque material wall panels is 
considerable [Saini; 1973]. The primary function of a window is to admit light 
and provide ventilation and view while limiting the entry of undesirable elements 
of the outdoor environment. The openings on summer area walls in traditional 
housing in Iran are small and are normally opened in the night time, because 
during the day the absence of openings would be most desirable, or at least 
openings as small as possible, located high on the walls. 
Many people of Dam (as well as in other cities of dry zones of Iran) lived in 
basements particularly during the hot summer afternoons. This was because the 
relatively low ground temperature kept the basement rooms cool. They also often 
provide a more comfortable humidity. The primary reason for basements in hot 
dry areas is the protection it gives from the severe climate. However, basements 
can be quite comfortable, provided that proper precautions are taken against 
moisture effects on walls and one is prepared to accept a windowless building. 
Rational planting of vegetation can offer significant shade, which is important for 
site temperature reductions. Atkinson [1962] has produced a comprehensive list of 
various available forms of vegetation. These have been set out according to their 
shape, size and denseness of foliage, which affect their shade producing qualities. 
The interesting point is that in nearly all traditional courtyards housing in Dam one 
can see grape trees, common crack-willow, and weeping willow and plane tall 
trees, which are suggestion by Atkinson. 
People built large, deep cisterns, filled them with cold water in winter, and kept 
them cool through the summer by providing a continuous and natural evaporation 
of water from their surfaces [Bahadori; 1979]. 
2- Transient behaviour, such as the choice of clothing, activities, movement 
between different places and changes of posture. 
People play an instrumental role in creating their own thermal preferences through 
the way they interact with the environment or modify their own behaviour or 
generally adapt their expectations to match the thermal environment [de Dear and 
Brager: 1998]. 
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The following are some of the transient behaviours by Ilam people to achieve 
comfort in their houses: 
1- Select a roof and courtyard for sleeping in the hot season 
2- Open the windows and doors during sleeping time when they are sleeping in 
the courtyard or on the roof 
3- Use of wooden throne (a big wooden bed, like a sofa, which is covered with 
small carpet) on the pond in the courtyard for sitting and sleeping 
4- Use of stool, stool- like frame of wood, which is, covered all about with quilts 
and blankets and under which a fire is placed for heating the legs in the cool 
period. 
5- Use of felt carpet during cool season 
6- Cook hot meals during the cool season and cold meals during the hot season 
7 - Change of sleeping time and working time during cool and hot periods 
8- Use of two sorts of clothing, winter clothing and summer clothing 
9- Use of two separate places in their houses, winter rooms and summer areas 
3.4 The climatic housing design strategies 
The climatic housing design strategies, which are suitable for the hot dry zone of 
Iran according to the results of many experimental works and also many lessons 
from traditional architecture of this region, can be summarised under the 
following: 
Co{{rt)'ord- one of the specific recommendations for housing design in the hot 
climate is courtyard housing in a compact layout. In this way two things are 
important: first the effect of courtyard design on indoor conditions and second 
providing comfort conditions in the courtyards. There is a di fference between 
providing l'omfort in a courtyard (or any open spaces) and for indoor conditions. 
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According to Givoni [1994], the indoor maXImum temperature, without any 
cooling system, can be lowered by appropriate building design, below the outdoor 
level by up to about 8°C, while lowering air temperature in the courtyard below 
the surrounding level is limited. Difference of radiant load between them is also 
important. Within a closed space solar radiation can be eliminated and the mean 
radiant temperature is usually close to the indoor air temperature. In the inside of 
houses people usually are protected from direct exposure to solar radiation, and the 
radiant heat load is not a significant factor affecting comfort. However, in 
courtyards the reflected solar radiation and emitted long wave radiation from the 
surrounding hot ground can cause significant radiant heat load and therefore 
should be minimised by the treatment of the outdoor space. 
It should be noted that a courtyard can be cooled by systems that may not be used 
indoors, including wet walls and fine droplet fountains. Some of the systems 
suitable for courtyard cooling can use water that is not suitable for indoors 
evaporative cooler. For example, they can use brackish water, which is often 
available in arid regions [Givoni; 1994]. 
As main elements in traditional housing, courtyards are helpful in maintaining 
good thermal comfort both in the courtyard itself and in the adjacent spaces inside 
the house. According to Donham [1960], the small courtyard is an excellent 
thermal regulator in many ways. High walls cut off the sun, and large areas of the 
inner surfaces and the courtyard floor are shaded during the day. Cooler air, 
cooler surfaces and earth beneath the courtyard will draw heat from the 
surrounding areas, re-emitting it to the open sky during the night. The use of the 
courtyard is to enclose not only the interior living spaces but to frame a part of the 
sky, to pave a few metres of hot dry areas and to invest these fragments of nature 
with man's mark, a symbol of shelter. 
The important point is how the courtyard can moderate its own personal climate. 
Clearly with a good design, courtyard houses can be suitable. With some details 
the courtyards can provide a pleasant outdoor environment and also improve the 
indoors thermal conditions. With other details courtyard may elevate the indoor 
temperature of the house around them and cause poor ventilation in the rooms 
located on the leeward side [Givoni: 199~]. This has been demonstrated in a study 
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done by Etzion [1990], who measured air temperatures at one-metre height in two 
courtyards. Both had concrete pavement over their whole areas. The temperatures 
of the two courtyards were very similar and in both cases the temperatures were 
higher, day and night, than the ambient air in the open space nearly at the same 
height. The average minimum temperature was higher by about O.soC and 
maximum by about 2.3°C. 
In hot climates the phenomenon of outgoing radiation, whereby the Earth and 
buildings on it lose heat, becomes important. In the early morning before sunrise, 
the outer surfaces of built forms are at their minimum temperature. The outside air 
temperature too is at its minimum value. After sunrise, the rays make a small 
angle with the horizon; the effect on the surface is still minimal. As the sun 
moves, the intensity of its radiation becomes greater and the sunlit surfaces are 
heated up, hence the flow of heat starts reversing its direction and heat flows 
inward. The indoor temperature is lower than outdoors. The temperature reaches 
a maximum in the afternoon. The incidence of the sunrays are concerned, the 
geometry of houses and the geometry of courtyard especially in compact houses 
around courtyard at the scale of town structure. After sunset the sky becomes 
much colder than the surfaces of the courtyard. Because of this the surfaces lose 
heat and the temperature of the adjacent layer of air gradually decreases. The cold 
air, being denser than the relatively warm air in the courtyard, tends to sink down; 
the cold air is collected inside the courtyard. Exchange between this cold air and 
the warmer indoor air takes place through the opening in the surrounding walls 
and as well the outward heat flow through the materials of walls and roof. On the 
other hand, as evening advances, the warm air of the courtyard, which was heated 
directly by the sun and indirectly by the warm buildings, rises and is gradually 
replaced by the already cooled night air from above. This cool air accumulates in 
the courtyard in laminar layers and seeps into the surrounding rooms, cooling 
them. The warm wind passing above the house during the day does not enter the 
courtyard but merely creates eddies inside, unless baffles have been installed to 
deflect the airflow. In this way, the courtyard serves as a reservoir of coolness 
[Donham: 1960]. 
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These brief descriptions show why people, in order to enhance their thermal 
comfort, have used the courtyard, and why this phenomenon created the courtyard 
concept house. People learned to close their houses to the outside and open them 
inwardly onto internal courtyards [Fathy; 1986]. 
Some studies have been directed towards recommending that a small courtyard for 
providing a satisfactory conditions is most suitable [Donham; 1960- Olgyay; 
1963- Koenigsberger; 1973]. This is because, if the courtyard's size is kept small 
enough to achieve shade during the day, it will allow less thermal impact and more 
heat dissipation from surrounding indoor spaces. Olgyay [1963] has shown that 
the optimum form is a rectangle in plan having a proportion of (1: 1.3). 
Importantly the height around the courtyard is the most important factor of 
courtyard plan size. As an experience when traditional houses in Iran were built 
on one floor the parapets of the houses were built well about the roofline, the 
reason again being a need to create shade and protection. This also gave the 
courtyard a greater depth and made the house's courtyard a well-defined, more 
comfortable place. In many houses another desirable method of creating shade is 
to construct roof overhangs. 
However, most hot arid zones are located in lower latitudes, i.e. latitudes in which 
the angle of the sun during the summer is high, close to zenith: this makes the 
design of a self shading courtyards (which shade themselves by their own 
geometrical layout) almost impossible. According to Givoni [1994], in arid 
regions shading the outdoor spaces by trees and plants is one of the best ways for 
providing comfortable conditions. But unfortunately growing trees and other 
vegetation for the purpose of shading the courtyards is not an easy task, due to the 
lack of water and the harsh climate. In every traditional courtyard in Iran the use 
of two or four small gardens (about 1.5 m2) and a small pond between them is 
usual. 
Another important element for lowering the air temperature is the paving in the 
courtyard. In fact treatment can be applied in courtyards to lower the surface 
temperature by the use of suitable paving materials and cooling the paving of the 
area itself. Paving heats up quickly causing both painful glare and reflected heat 
radiation toward the inside of house [Koenigsberger: 1973]. In the early morning 
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the pavmg receIves the diffuse radiation commg from the sky and from the 
surrounding walls. As the sun rises the ground surface loses heat to the adjacent 
cold air layer. The rising heated air is replaced by relatively colder air until the air 
temperature of inside the courtyard reaches that of the outside air. The duration of 
paving exposure to intense radiation is greater than that of any vertical wall; this 
accounts for the criticality of the treatment of its surface. However, for lowering 
air temperature the material and colour of paving, amount of mosture and shade of 
pavement are important. In the hot dry zone of Iran and also Dam burnt clay brick 
for pavement is one of the most widely used materials. The light colour, the good 
absorption of water, ability of evaporation of water in time of need and availability 
are some of the burnt clay brick's good properties. 
Walls and roof- in hot dry areas external surfaces (such as walls and roof) and 
their materials for providing thermal comfort are important. The major function of 
the walls in hot dry areas is to withstand the onslaught of solar radiation and high 
daytime outdoor temperatures, and to control the inward flow of both heat and hot 
air for most of the day during the summer seasons. In this way heat capacity of 
the walls is quite important because it is moderates the rates of heat flow in and 
out of the building interior, and hence the indoor temperature fluctuations. On the 
other hands such walls cool slowly at night and have appreciably higher nocturnal 
telnperatures than low heat capacity structures [Givoni; 1976]. 
Thermal mass can act as a regulator, smoothing temperature swings, delaying peak 
temperature, decreasing mean radiant temperature and providing better comfort 
conditions. Givoni [1993] conducted an experiment for the effectiveness of mass 
in lowering the indoor air temperatures. He chose two buildings with same heat 
loss coefficient but with different mass levels: a low- mass (conventional stud-
wall construction) and a high- mass (insulated concrete walls), were monitored 
during summer. One of the experimental conditions was windows un- shaded 
closed day and night. The indoor average temperature of both buildings at 
different mass levels were different and all above the outdoor maxima. The 
temperature elevation of low mass building maximum was about 6.7°C above the 
outdoors' maxima while that of the high mass building was about 4.SoC. Fathy 
[ 1986] conducted tests on experimental buildings. The materials used were mud 
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brick walls and roof 50-cm thick and prefabricated concrete panel walls and roof 
10-cm thickness. The air temperature fluctuation inside the mud brick model did 
not exceed 2°C during the 24 hours period, varying from 21-23°C which is within 
the comfort zone. On the other hand the maximum air temperature inside the 
prefabricated model reached 36°C, or 13°C higher than the mud brick model and 
9°C higher than outdoor air temperature. The indoor temperature of the 
prefabricated concrete room is higher than the thermal comfort level most of the 
day. These examples have shown the importance of mass in buildings. 
On the other hand, surface treatment and the selection of a wall's colour will 
influence the thermal behaviour of the building and can help in reducing the heat 
load. Light colours will reflect a large part of the incident solar radiation, thus 
much less heat will actually enter the building fabric. Bansal et al [1992] 
performed some experiments on the effect of colour on the interior temperatures in 
a hot dry climate by using two similar enclosures, one which was black and the 
other white. The black enclosure recorded a maximum temperature which was 
7°C more than the white painted enclosure during hours of maximum solar 
radiation. Use of light colour in traditional parts of hot dry cities in Iran as well as 
in Ilam show how people knew the importance of colour. External roof colour also 
is the main determining factor for the roof temperature pattern and consequently 
for occupants' comfort. The effect of roof colour on its temperature is of course 
related to the thermal resistance and heat capacity of the roof structure. Givoni 
[1976] argues that the differences between the ceiling temperatures of the black 
and whitewashed roofs were much greater for a 7 -cm thick roof than for that 20-
cm thick. 
In hot dry regIOns windows are important. Large windows may cause glare 
discomfort, reinforcing the notion that small windows are more suitable. But with 
special design details, large windows can provide thermal advantages. When 
highly insulated shutters are added to large openable windows, their thermal effect 
can be adjusted to varying needs, both diurnally and annually. In summer the 
shutters can be closed during the hot hours. Then, light will filter into the house 
only through the small areas provided by the shutters. In the evening, the shutters 
and the windows can be opened, increasing the rate of cooling of the interior. In 
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winter, large southern windows can provide significant direct solar heating of the 
interior. Closing the insulated shutters during the night traps the heat indoors and 
reduces the rate of cooling. This helps to maintain comfortable indoor night 
temperature [Givoni; 1998]. It should be important for designers to know that heat 
gain through windows, per unit area, is much higher than through walls or roofs. 
In hot countries it is popularly believed that the roof is the main heating element of 
a house [Givoni; 1976]. Thus, a useful idea for providing indoor comfort 
condition is to shade the roof more naturally by designing it to suit popular 
traditions. One or two small rooms in the roof level with suitable overhangs have 
two functions which are shading the roof during the day and providing 
physiologically comfortable areas during sleep time. These rooms can be used by 
youngish people (during days they are out of the house or with parents for having 
food and other things like that). In this way the parapets around the roof can be 
used. Parapets not only make it a safe place for children, but also it is a good 
element for more shade on the roof. The high parapet has two other benefits: first, 
it shields the roof from the dusty summer winds and second the courtyards and 
streets can be narrow, so that the parapets shade the neighbouring elements, 
reducing the solar heat load. 
The shape and height of the roof is also important. In hot areas mud domes are a 
common means of covering spaces. The form of the dome allows winds to cool its 
surface easily, and it also ensures minimal frequency of intense radiation at any 
one point. The double dome is an excellent solution to the problem of intense 
radiation. The space between the inner and outer dome acts as an insulation layer. 
Therefore when there is intense summer solar radiation, the outer dome becomes , 
extremely hot, while the inner dome remains cool. Circulation of air between the 
two domes reduces the radiation problem. 
3.5 Conclusion 
The traditional housing design of Iran is essentially based on a simple design with 
many aims such as providing comfort condition for occupants. In popular 
constructions, the walls are made of earth and the roofs of wood beams. 
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Throughout various social and cultural needs, the typology defines the general 
frame of the hot dry zones. It has been shown that traditional housing was 
designed mostly to counter the effects of the climate. 
Contemporary housing in Iran has been considered. It has also been noted that 
contemporary housing are based on western models which offer no real solution as 
these are often inadequate and irrelevant to climate and culture. The results tend 
to be alien and alienating. 
In this chapter some adaptive behaviour for achieving comfort conditions in terms 
of permanent and transient behaviour were considered. The results of such actions 
in both ways can have potentially significant and positive impacts on improving 
comfort and reducing energy consumption. Some climatic housing design 
strategies, which are suitable for the hot dry regions, were mentioned. 
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Chapter Four 
Theory of Thermal Comfort 
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4.1 Introduction 
All humans have exhibited physiological and behavioural responses to heat and 
cold, from cave man, through ancient civilizations to the present day. Such 
responses have undergone systematic scientific investigation [Parsons; 1993]. It 
has been stated that man's desire is to be comfortable [Fanger; 1970] and that this 
helps people's performance of tasks. 
This chapter is split into three sections. The first section looks at the theory of 
thermal comfort. It begins with a brief history of thermal comfort and is 
followed by a definition and the importance of studying thermal comfort. Heat 
exchange processes of the body and the main factors affecti ng thermal comfort 
are discussed. In the second section research methods of thermal comfort are 
discussed and compared. The third section will explain the adaptive model of 
thermal comfort. Definition, factors and advantages of the adaptive model are 
discussed. 
4.2 Theory of thermal comfort 
4.2.1 History of thermal comfort 
Up to the Industrial Revolution thermal comfort was not a practical issue, as 
there were very few tools available to influence it. When it was cold, a fire was 
lit to ameliorate the conditions, when it was hot, the use of hand-fans was the 
only relief [Auliciems and Szokolay; 1997]. Haldane, in the U.K. [1905]. 
carried out the first systematic study on thermal comfort with regard to the 
effect of high temperatures. In the early 1920s of this century a basic study was 
carried out in the U.S.A. It was an attempt to find a comfort zone according to 
humidity level and air temperature. In England the motivation came from 
industrial hygiene: the limits of environmental conditions for work. Vernon and 
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Warner in 1932 and Bedford in 1936 carried out empirical studies among 
factory works. Extensive field surveys of thermal conditions by Bedford 
produced the equivalent temperature scale. Gagge [1937] did analytical work in 
the U.S .A. and made a significant contribution to this topic. A fundamental 
report by Victor Olgyay [1963] was the first to bring together findings of the 
various disciplines and interpret these for practical (Architectural) purposes. In 
these studies and later on, three ways can be recognised: 
1- Studies directed toward the prevention of heat illness in the armed forces 
2- Studies to make the formulation of the heat stress indices 
3- The introduction of psychological research methods 
All provided the data on comfort conditions, which formed the basis of Fanger's 
comfort equation [after McIntyre: 1980]. 
4.2.2 Definition of thermal comfort 
Thermal comfort is often defined as "that condition of mind which expresses 
satisfaction with the thermal environment" [ASHRAE; 1966, 1981, 1992]. 
"Condition of mind" is directly related to a perceptual process and implies that 
psychological as well as physiological factors are involved. Heijs [1994] argues 
that from the ASHRAE definition there is no explanation of what "condition of 
mind" could be the result of either perceptual process, or a state of knowledge 
or cognition, or a general feeling or attitude, and could take many different 
forms such as in a pattern of behaviour or clothing. If comfort were regarded as 
a subjectively mental state, it would be elusive, because it cannot be measured 
objectively and it is continuously changing depending on various factors. 
ASHRAE [1993], contend that the problem relating to the identification of the 
"condition of mind" can be avoided by developing empirical equations that can 
relate comfort perceptions or feelings to physiological responses. However the 
ASHRAE thermal comfort definition is most widely accepted, although this 
definition has come under some criticism. Clearly the specific definition for 
thermal comfort is not easy to state because of many things which are related to 
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comfort conditions and are not easy to measure objectively. In line with Hensen 
[1990] this study is in agreement with the definition by Benziger [1979], which 
is "thermal comfort is a state in which there are no driving impulses to correct 
the environment by behaviour". Hensen [1990] believes that this is a more 
objective definition than the ASHRAE definition. 
It is important that when thermal comfort is applied to a group of people, who are 
subject to the same climate condition, the aim is to create optimal thermal comfort 
for the highest possible percentage of the group. 
With regard to a building, comfort is a particular condition that provides 
pleasant sensations for the occupants [Limb; 1992]. This definition implied 
thermal comfort is an emotional experience, but is pleasant an absolute value? 
According to McIntyre [1980] it is not. He states that pleasant sensation is a 
condition without discomfort. It seems it is vague. 
Olgyay [1963], in terms of the comfort zone, noted that thermal comfort is a 
condition under which man succeeds in minimising expenditure of energy 
needed to adjust himself to his environment. This definition may be correct, but 
the range of the comfort is changeable from one person to another. It seems an 
assumption of a conventional range should be created, but it cannot to be 
achieved easily. This range is complicated. 
More recently, thermal comfort was defined by Givoni [1998] as "the range of 
climatic conditions considered comfortable and acceptable inside buildings". It 
implies an absence of any sensation of thermal (heat or cold) discomfort. 
Clearly operationally the definition by Givoni is more reasonable than others. 
It is noticeable that in discussing the theory of thermal comfort the difference 
between thermal comfort and thermal sensation is considered. 
Thermal sensation is an expression of the sensation of warmth or its lack. The 
thermal sensation, over the whole range from very cold to very hot, is often 
graded along seven-point numerical scales. In fact thermal sensation is related 
to how people feel and is therefore a sensory experience and a psychological 
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phenomenon. It is not possible to define sensation in physical or physiological 
terms [Parsons; 1993]. Hensel [1981] sees the difference as follows: 
Thermal sensation is a rational experience that can be described as being 
directed towards an objective world in terms of cold and warm, but thermal 
comfort is an emotional experience. He stated that thermal sensations depend 
mainly on the activity of thermoreceptors in skin whereas thermal comfort or 
discomfort reflects a general state of the thermoregulatory systems. Baker 
[1996] argues that it is increasingly evident that thermal comfort is largely 
behavioural and psychological which shifts the emphasis away from solely 
engineering solution, to include the social and architectural environment. 
The basic but fundamental question is: how can people express their feeling? 
Perhaps a simple way is to ask subjects to indicate their feeling referring to 
(comfortable / uncomfortable) or (warmth). There are a number of subjective 
scales, which have been used in the assessment of thermal environments. The 
two main scales used are the Bedford scale [Bedford; 1936] and the ASHRAE 
scale (Table 4.1). 
Table 4.1 The Bedford and the ASHRAE scales 
Bedford Much too Too Comfortable Comfort Comfortable Too Much too 
scale cool cool cool able warm warm warm 
-3 -2 -1 0 1 2 3 
ASHRAE Cold Cool Slightly cool Neutral Slightly warm Warm Hot 
scale 
Bedford first used the Bedford scale in his survey of comfort in England; the 
ASHRAE scale was used in American work. As mentioned and according to 
Nicol [1993] the main difference between these two scales is in the inclusion of 
the concept of comfort in the scale. However the two scales in practice behave 
in a very similar way, and the results obtained by them may be compared 
directly with each other [Humphreys; 1976, 1999. McIntyre: 1980, Brager et al: 
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1994]. Fox et al [1973] suggests supplementation by the preference McIntyre 
scale which subjects can respond to by indicating their preference: warmer, no 
change or cooler as a way of checking for any bias. 
The form and method of administering the scale is important. Nicol [1993] 
recommended that "you use a semantic differential scale with seven 
unnumbered spaces or boxes for people to tick and if your aim is to investigate 
the use of scales then a variety of scales can be used" (also see Parsons; 1993). 
Psychological research has shown seven points to be a good choice when people 
are presented with a set of stimuli which vary in one dimension only. It turns 
out that the number of stimuli that can unambiguously identified is surprisingly 
small [McIntyre; 1980]. Miller [1956] investigated this range, for several 
different types of stimulus and found that in general people can not deal with 
more than about seven levels of sensation without confusion. 
4.2.3 Neutral temperature and comfort temperature 
Fanger [1970] noted that the condition in which the subject would prefer neither 
warmer nor cooler surroundings is thermal neutrality. Fanger's definition is 
similar to the Markus and Morris [1980] definition. They argued that "state in 
which a person will judge -the environment to be neither too cold nor too warm-
a kind of neutral point defined by absence of any feeling of discomfort". 
The neutral temperature is the temperature at which people expenence a 
sensation, which is neither slightly warm nor slightly cool. In this temperature 
the mean votes of subject (or group) is neutral or middle point of the seven point 
ASHRAE scale. On the other hand comfort temperature is the temperature at 
which the respondent expresses comfort feelings voting with the middle 
category of the comfort scale. The middle category is known as comfortable. 
Despite this, and because of similar results from sensation and comfort scales, 
comfort temperature can be the same as the neutral temperature. It is noticeable 
that the neutral temperature or the comfort temperature is the optimum for the 
group. 
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4.2.4 Preferred temperature and thermal acceptability 
There is evidence that the temperature which a group prefers may correspond to 
a sensation above or below middle category on the warmth scale [McIntyre; 
1980]. Fox et al [1973] found that although subjects reported a sensation of 
thermal neutrality, they often said that they would prefer a warmer temperature. 
During a survey of 45 households, the respondents were asked which was their 
preferred state on the Bedford scale; 75% said comfortably warm [Hunt and 
Gidman; 1979]. Thus preferred temperature is the temperature at which a 
respondent requests no change in temperature or at which the greatest 
percentage of group of people request no change in temperature. 
Preferred temperature can be found by asking the direct question and using a 
present-time condition: would you like to be: Cooler or No change or Warmer? 
(McIntyre scale). Answer of No change can be acceptable condition for subject. 
Another more widely used method is an indirect measure that equates 
acceptability with the three central categories of the seven-point thermal 
sensation scale. ASHRAE standard (55-1992) defines an acceptable thermal 
environment as one that satisfies at least 80% of the occupants. 
4.3 Why is thermal comfort important? 
According to Nicol [1993] there are three reasons for the importance of thermal 
comfort: 
1- To provide a satisfactory condition for people 
2- To control energy consumption 
3- To suggest and set standards 
All elements of buildings should be designed to respond to the climate and to 
provide comfort conditions for occupants because, all human conditions will be 
generally be at their peak when they are in their most comfortable state and they 
will decrease in the unfavourable seasons [Hunting; 1951]. 
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Raw and Oseland [1994] have identified six advantages for doing research in 
thermal comfort: 
1- Control over environments by people 
2- Improving internal air quality 
3- Achieving energy saving 
4- Reduce the harm on the environment by reduced CO2 production 
5- Affecting the work efficiency of the building occupants 
6- Reasonable recommendation for improving or changing standards 
For almost all of the twentieth century, and often before, there has been an 
active interest in research into the conditions, which produce thermal comfort. 
Emphasis has not been on understanding why people report comfort or 
discomfort, but on what conditions will produce thermal comfort and acceptable 
thermal environments [Parsons; 1993]. 
4.4 Heat exchange processes of the body 
The human body is continuously generating heat, with output varying from about 
100W for a sedentary person to 1000W for a person exercising strenuously 
[ASHRAE; 1993]. Thermal comfort for sedentary person is achieved by keeping 
core temperature within a narrow range of 36.5-37.5°C and a skin temperature of 
30°C at the extremities and 34-35°C at body stem and head. Any deviation from 
these ranges results in a sensation of discomfort which, under extreme conditions, 
may even be a medical threat [Hensel; 1981]. Body temperature is the result of a 
heat balance between heat gained by the body namely metabolism (M), radiation 
(R), and convection (C), and heat dissipated from the body such as mechanical 
work (W), radiation (R), convection (C) and sweat evaporation (E). Two sources 
contribute to heat accumulation: internal heat and external heat. The metabolic 
heat production, which is from metabolic processes, can be calculated by 
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subtracting the mechanical work (W) from the total metabolic energy production 
(M) as (M- W). Another source of heat contributing to body temperature is the 
environmental heat which is absorbed from the surroundings mainly by radiation 
and convection (R+C), [Shapiro, Epstein; 1984]. On a warm sunny day when 
solar radiation is high; the body absorbs heat whereas on cold cloudy days when 
ambient temperature is below skin temperature heat is dissipated from the body 
by means of radiation and convection. Two models are often used to describe the 
heat balance between the body and the environment: Fanger's steady-state model 
[Fanger; 1970] and Gagge's two- node energy balance [Gagge et al; 1971]. 
Fanger assumes that the body is in a state of thermal equilibrium with negligible 
heat storage and the body is assumed to be near thermal neutrality. At steady-
state, the rate of heat generation is equal to the rate of heat loss and the energy 
balance is: 
M - W = Qsk +Qres = (C + R + Esk ) +(Cres+ Eres) 
Where: M= rate of metabolic energy production WI m2 
W= rate of mechanical work done WI m2 
Qsk = total rate of heat loss from the skin WI m2 
Qres = total rate of heat loss by respiration WI m2 
C+R = the sensible heat loss from the skin WI m2 
Esk = rate of total evaporative heat loss from skin 
Eres = the rate of evaporative heat loss from respiration WI m
2 
(4.1 ) 
This model is the basis for the determination of thermal comfort in moderate 
thermal environments as embodied in an international standard ISO 7730- 1984. 
It also is widely used by ASHRAE for various combinations of temperature and 
humidity in developing comfort charts. 
Gaggc assumes two concentric cylinders of appropriate dimension and thermal 
properties. These represent an inner core and an outer shell. The inner 
represents the body core (skeleton, muscle, and internal organs) and the outer 
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represents the skin layer. There are some assumptions, namely conductive heat 
exchange from the skin in negligible; the temperature in each compartment is 
uniform; metabolic heat production, external work and respiratory losses are 
associated with the core compartment and finally the core and the skin 
compartments exchange heat passively through direct contact and through the 
thermoregulatory controlled peripheral blood flow. This model is described by 
two-coupled heat balance equation, one applied to each compartment: 
Core: Sa = M-W-(Cres+ Eres) - Qersk (4.2) 
(4.3) 
Where: Ser is the rate of heat storage in each compartment W/m 2 
Ssk is the rate of heat storage in the skin compartment W/m2 
Qcrsk is the ratio of heat transfer from core to skin WI m2 
Humphreys [1970] explained a simple theoretical derivation of thermal comfort 
conditions. It is quite useful and easy to understand. He divided the heat 
transfer from human body into three stages. The first stage is from the body 
core to the skin. The body core temperature rises with increase in metabolic 
rate and it is independent of the temperature of the environment over a very 
wide range. The body surrounded by peripheral tissue having thermal 
resistance, which is governed by the quantity of blood flowing near the skin. 
The tissue thermal resistance is smallest when the vessels are dilated and the 
heart rate is high and is greatest when the vessels are constricted and the heart 
rate is low. Extreme values of thermal tissue are not consistent with comfort, 
but it is possible to choose a narrower range which people do find comfortable. 
The range chosen may differ for people acclimatised to different environments. 
The equation of heat flow from the body core to skin may be written: 
(4.4) 
where: M is metabolic rate (W/m2) 
'1 
Rb is the thermal resistance of the peripheral tissues (m- °C/W) 
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Tb is the body core temperature (OC) 
T.~k is the area weighted mean skin temperature (OC) 
The second step is heat flow from the skin to the outer surface of the clothing. 
At the skin surface and from the lungs some of the metabolic heat is released to 
the environment by evaporation of moisture. The remainder (kM) is dissipated 
by conduction, convection and radiation to the clothing surface. For resting 
people (which is the proportion of the metabolic heat dissipated by means other 
than evaporation) "k" is about 0.7 and appears to decrease slightly to the region 
of 0.6 for active people in thermal comfort. The equation of heat flow through 
the clothing is: 
(4.5) 
Where: Re is the thermal resistance of the clothing in use expressed in terms of 
the body area (m2 °CIW) 
Te is the area weighted mean outer surface temperature of clothes and 
exposed skin (OC) 
The final step according to Humphreys is heat flow from the clothing to the 
surroundings with following equation: 
(4-6) 
where: T~ is the globe temperature 
he is the coefficient of convection heat transfer, expressed in terms of 
Dubois surface area (W/m2 °C) 
h,. is the coefficient of radiant heat transfer expressed in terms of Dubois 
') 
surface area (W Im- °C) 
The value of he is closely proportional to the square root of the air velocity 
relative to the person. For the smaller variations of air velocity the effect of 
variations in Re are often unimportant. 
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However, adding equations (4.4, 4.5 and 4.6) give equation (4.7) which can be 
used for the flow of heat from the body core to the thermal environment 
(4.7) 
However, the purpose of a thermal comfort study is to establish comfort zones 
or a range of temperatures within which a large proportion of persons concerned 
will be thermally comfortable [Angus; 1968]. Here, the question is from which 
ways researchers on thermal comfort can be able to find comfort range? 
Humphreys [1992] found some evidence that the theory based on optimisation 
of six combinations of variables (as mentioned) cannot explain comfort 
conditions. There are some differences between steady- state energy balance 
models of man's actual condition in the real world. 
4.5 Behavioural thermoregulation 
The human heat balance equations describes how the body can maintain an 
internal temperature near 37°C in terms of heat generation and heat exchange 
with the environment. In practice, what is achieved is not a steady state but a 
dynamic equilibrium: as external conditions continually change, so the body 
responds to regulate the internal body temperature [Parsons; 1993]. 
However, in addition to the above models there are important behavioural 
responses greatly affecting the human thermal environment. A simple change 
in posture, orientation toward a heat source, putting on of clothes or movement 
within the environmental can all have significant effects [Parsons; 1993]. A 
person who feels too hot or too cold will usually make some change in his 
clothing, posture or activity in order to become comfortable again. He/she may 
open windows or turn up the heating so that the environment is more to their 
liking. These changes are an integral part of the system by which the body 
temperatures is regulated [Nicol and Humphreys; 1973]. Further behavioural 
responses could also be termed technical regulation [Hensel: 1981]. This 
includes building of shelter and involves designing the environment of human 
occupancy (see Chapter Three). Buildings and climatic architecture can be 
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considered as creating mIcro climates which together with clothing have 
allowed humans to inhabit the whole of the surface of the earth [Parson; 1993]. 
Hensel [1981] provides the more holistic system of human temperature 
regulation shown in Figure (4.1). 
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Figure 4.1 Shematic diagram of autonomic, behavioural and technical 
temperature regulation in man (source Parsons, 1993) 
An interesting area for consideration is the extent to which humans learn to 
respond to thermal stimuli, in both a physiological way and behavioural way. It 
is known that humans plan and model the world and test scenarios; they use 
memory to utilise previous experience. The role of such a model of a human in 
holistic (physiological, autonomic and behavioural) thermoregulation has yet to 
be comprehensively explored [Parson: 1993]. 
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Nicol and Humpherys [1973] recognised three ways for behavioural thermos-
regulation: 
1- Changes in metabolic rate (by changes in posture or activity) 
2- Changes in clothing insulation 
3- Changes in the thermal environment 
These cannot be regarded merely as independent variables In heat-exchange 
calculations. 
4.6 Comfort factors 
Air temperature, radiant temperature, humidity and air movement are the four 
basic environmental parameters. Combined with individual parameters of 
metabolic heat generated by human activity and clothing worn by a person, they 
provide the six fundamental factors in two main categories, which define human 
thermal environments. These factors provide a minimum requirement for a 
useful conceptual basis upon which a realistic consideration of human thermal 
environments can be based [Parson; 1993]. In the specific situations other 
factors such as a posture, behavioural can be important. Cena [1994] argues 
that in thermal comfort research the physical, emotional and social status of the 
individuals influence the individual responses of subjects. This idea shows that 
thermal comfort has a psychological aspect and non-physical factors may be just 
as important as the physical factors. 
4.6.1 Environmental factors 
Air temperature is an important parameter affecting thermal comfort conditions. 
It can be defined as the temperature of air surrounding the human body which is 
representative of that aspect of the surroundings which determines heat flow 
between the human body and the air. With lower air temperature the body loses 
heat; with higher temperature it gains heat by convection. 
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The mean radiant temperature of the enclosure determines the radiant heat 
exchange between the skin and the environment, similar to the effect of air 
temperature on the convective heat exchange. Mean radiant temperature is a 
measure for the radiative flux of the heat from surrounding surfaces such as 
ceiling, walls, doors, windows and floor. It is also defined as the temperature of 
a uniform enclosure with which a small black sphere at the test point would 
have the same radiation exchange as it does with the real environment. For a 
sphere the mean radiant temperature will not depend upon its orientation in the 
surroundings. For a non- spheroid shape such as the human body, the concept 
of effective mean radiant temperature is used: the temperature of a uniform 
enclosure with which the test surface would have the same radiation exchange 
as it does with the real environment. This will depend upon the orientation of 
the object in the surroundings [Parsons; 1993]. Hoppe [1988] measured the 
effect of mean radiant temperature in thermal comfort as a function of the mean 
skin temperature increases along with the increase of mean radiant temperature. 
The effect of air velocity in human thermal comfort is different. In fact, it 
depends on environmental temperature and humidity, as well as on the clothing. 
When air temperature is above the skin temperature, the effect of air movement 
will be the same as other climatic factors and the increase of air movement will 
raise the skin temperature [Hoppe; 1988]. Air movement is more noticeable 
when the air is cool and the difference between skin and air temperature is large. 
Conversely, if the air is only slightly below skin temperature, very large 
increases in air speed are needed to achieve an increase in convective cooling 
[McIntyre; 1980]. However variation in air velocity is important. ISO 7730, 
[1992] suggests that both mean air velocity and the standard deviation of the 
value should be taken. The air movement, in combination with air temperature, 
will affect the rate at which warm air or vapour (for example) is taken away 
from the body, thus affecting body temperature [Parsons: 1993]. 
H[(midity is the ratio of the prevailing partial pressure of water vapour to the 
saturated water vapour pressure. Very low humidity may cause irritation: the 
skin becomes too dry and cracks may appear in some membranes (e.g .. the lips). 
At higher humidity levels its effect on human comfort and physiology is 
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indirect, through its effect on the evaporative capacity of the air. A higher 
humidity reduces the evaporative cooling potential from a given surface area of 
the skin, but the body can counter this reduction by spreading the sweat over the 
skin and thus increasing the fraction of the skin surface from which evaporation 
takes place. As a result of this physiological control mechanism the same 
amount of sweat evaporation, and of evaporative cooling, can be obtained over 
a wide range of humidities [Givoni; 1998]. In real conditions, people from dry 
climates might suffer from the high humidity when visiting such humid tropical 
areas. 
4.6.2 Individual factors 
The metabolic rate, as an individual factor on thermal comfort, varies over a 
wide range depending on type of activities performed by man. The ratio of heat 
production between a person sitting quietly, and the same person digging the 
garden may as great as 1 :8. This is of great consequence to comfort and 
thermoregulation. Heat has a direct effect on the metabolic processes, since an 
increase in temperature increases the speed of the chemical reaction involved. 
However, the effect of raised ambient temperature on metabolic rate is not 
straight forward, since both physiological and behavioural responses are 
involved. Consolazio et al [1963] found that when a subject performed a given 
task at different ambient temperatures, there was an increase in metabolic rate of 
about 12% as the ambient temperature rose from 29°C to 38°C. In tropical 
countries, self-paced work is generally done at a leisurely pace, so that the 
metabolic rate may be lowered in practice [Mayer; 1993]. Met is the unit used 
to express the metabolic rate per unit Dubois area and is defined as " the 
metabolic rate of a sedentary person and 1 met = 58.2 W/m2" [ASHRAE; 1993]. 
Clothing is important because any clothes worn by a person will effect the heat 
exchange between his body and the surrounding environment, thus will effect the 
state of comfort of the person concerned. In hot climates where temperatures are 
typically closer to body temperature, clothing plays a more important role in 
enabling man to survive outside than in other regions [Nicol; 1993]. The 
insulation of the clothing is generally expressed in "clo units". The clo unit was 
introduced to facilitate the visualization of clothing level, and 1 clo is the 
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insulation necessary to keep a person comfortable at 21°C - about that of an 
office worker's suit. A thermal insulation of 1 clo = 0.155 m2 KIW. For most 
purposes the value can be read from tables, but there is always a big problem with 
such descriptive tables: they are culturally defined and a thick suit in one climate 
might be counted rather thin in another [Nicol; 1993]. Another problem is the 
insulating effect of chairs which in some cases causes the discrepancies between 
the reported and predicted mean sensation votes rOseland; 1994a]. The 
importance of chair clo values has been recognized too and ISO 7730 indicates 
that chairs may accounts for about 0.1 to 0.4 clo. Humphreys [1994] noted that 
despite the existence of extensive tables for the estimation of insulation of 
clothing ensembles, it is not easy to estimate the clo-values in real life because 
people change their clothing from day to day and season and fashions change. 
Posture changes clothing values but no guidance on adjustments of clothing 
values for posture are given. Nicol [1993] noticed that in hot climates people on 
long coach trips lean forwards in their seats to cool down. 
Wyon [1994] points out that clothing values do not characterize the distribution of 
insulation over the body surface, and sectional heat loss can vary causing 
sensations of thermal discomfort which are similar to those caused by draught. 
Cena [1994] recommends that current tables of clothing values should be 
supplemented with the data available on style and cut. 
Clearly clothing insulation has a great effect on thermal comfort and has 
particular importance to the adaptive model of thermal comfort. Oseland 
[1994a] noted that increasing the clothing insulation value by 0.2 clo can cause 
a 1.0°C decrease in neutral temperature. 
Tn brief and according to Oseland [1994a] the accuracy of measurement of 
activity and clothing are critical in determining optimum room temperature by 
re- computing the comfort equation. It was found that increasing the activity 
level by 0.2 met can cause a 2.5°C decrease in neutral temperature. Fanger 
[1994] argues that the spread of neutral temperatures due to minor changes in 
activity and clothing allows some flexibility in specifying optimum room 
temperatures. 
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4.6.3 Other factors 
Other factors such as gender, age, body shape, food and drink can influence the 
condition of thermal comfort in man, although Fanger [1970] argued that most 
of these factors have little or no effect upon the comfort conditions. Auliciems 
and Szokolay [1997] have separate categories for such factors which are 
contributing factors, included food and drink, acclimatisation, age, gender, body 
shape and subcutaneous fat. According to them body shape and subcutaneous 
fat are important factors. Heat production is proportionate to the body mass, but 
heat dissipation depends on the body surface. 
4.7 Research in thermal comfort 
4.7.1 Field study or climatic chamber study? 
With regard to new building technology and modem heating and cooling systems 
the main question is "what conditions for people are comfortable and what must 
we aim to provide?". Clearly and because of many reasons, before the Industrial 
Revolution our generations lived in harsh climates without abundant sources of 
energy. 
There are two methods for ascertaining people's thermal comfort, which are 
based on questionnaires: experimental work carried out in a climatic chamber 
and field studies carried out in the real world. Although the crisis of thermal 
comfort is often perceived as a conflict between these two methodologies both 
are important and necessary. According to Humphreys [1992] this is to 
misunderstand the problem. Attention must be paid to the process of securing 
comfort. The two methods are described as follows: 
1- Climate chamber or analytical approaches- this methodology is conducted in 
environmental test chambers that can alter a range of climatic conditions. 
The personal variables are determined by the task, and are normally 
assumed to be fixed. The advantages of using a chamber are self- evident, 
the ability to produce the desired environmental conditions is the first one 
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and then the control of unwanted variables, which might otherwise influence 
the results. The subjects are asked to vote on the ASHRAE or Bedford 
thermal sensation scales indicating their thermal experience. According to 
Mcintyre [1982], climate chamber studies have been central to thermal 
comfort research for many years. He also identified two approaches in 
climatic chamber studies, which are the direct determination of preferred 
temperature and the use of rating scales for subjective thermal responses. 
2- Field study of thermal comfort- the aim of this method is to study thermal 
comfort in the real world. Research is conducted as subjects go about 
normally with their work and there is no attempt to control the 
environmental measurements that may have varied from just the aIr 
temperature to all factors, but in many surveys clothing value and metabolic 
rate are recorded. Furthermore a field study will give other factors, not 
directly because of the experiment but indirectly, such as cultural and 
psychological factors. The first aim is to discover what combination of 
environmental variables best describes the subjective responses of the 
subjects and the underlying assumption of the field survey is that people are 
able to act as meters of their environment [Nicol; 1993]. 
4.7.2 Two methods and different results 
Nicol [1993] stated that there is a discrepancy between the findings from field 
studies and the comfort predictions based on the heat balance model [Figure 
4.2]. 
Figure (4.2) shows that people are comfortable in a wider range of indoor 
climates than would have been expected from the heat exchange models. When 
Humphreys [1992] calculated the PMV by using data from some field studies, 
he noted that the calculated PMV different from actual mean vote and the PMV 
almost always underestimates the actual mean votes. Fanger [1994] suggests 
that the difference in results arise from "poor data input". To make a fair 
comparison. it is essential that a11 four environmental factors are property 
measured and that a careful estimation is made of the activity and clothing. 
Malama [1997] noted that difference may arise due to the: 
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1- Difficulty of accurately measuring the parameters of Fanger's equation in 
the field 
2- Difficulty in accounting for short term fluctuation in those parameters in 
field, 
3- Impact of psychological and cultural factors in the field 
• 
Figure 4.2 The difference of comfort predictions between the actual mean vote and 
the PMV in some field surveys. (After Humphreys 1992) 
Note: (0) = actual mean vote (MV) and (e) = PMV. 
4.7.3 Two methods and their problems 
Both methods have some problems. The first problem with the analytical 
approach is that it is based on steady state conditions, which are rarely 
encountered in practice. In daily life sudden changes are common because of 
changes in clothing, activity and location. Indeed "perfectly static conditions do 
not occur in nature"[Koenigsberger et al 1973]. Another problem is that the 
prediction of conditions for optimal comfort requires a knowledge of the 
clothing insulation and metabolic rate [Nicol~ 1993]. Nicol also noted that there 
is some problem for the environmental designer with this method: 
1- He must know what clothing the occupants of the building will wear 
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2- He must know what activity they will be engaged in and there is an 
additional problem for buildings where a number of activities are taking 
place in the same space 
3- He must assume that conditions In the building approach those of the 
steady- state in the climate chamber 
Such considerations render the method very difficult to apply to buildings with 
no mechanical heating and ventilation. On the other hand one main problem 
with field surveys exist. The accepted method of analysis for a field survey is 
the use of statistics where comfort vote is taken as the dependent variable and 
the environmental parameters as the independent variables. At the same time 
people are left to suit themselves in their choice of clothing, their use of 
environmental controls their posture, activity and so on. Many of these actions 
will have been taken in response to the comfort vote. So it is not true to say that 
the environment is independent of comfort vote [Nicol; 1993]. 
Because of the different results that are obtained in both methods, there has 
been a debate on which method gives more accurate results, or in the short 
question which one is better? Humphreys' idea [1994] is important: it could be 
asserted that the field studies were suspect, being incomplete in their 
assessments, or biased in some way. Alternatively, it could be asserted that the 
heat exchange equations were suspect, being inaccurate or inappropriate, for 
reasons not apparent. He stated there is no definite conclusion can be made 
about which method is most appropriate for predicting thermal comfort 
conditions. Baker and Standeven [1996] believed that both methods are correct, 
but the discrepancy between them is the result of a series of adaptive errors. 
Berger et al [1994] commented that laboratory studies provide fundamental 
insight of human thermopysiology, while field studies are equally important to 
complement the information about thermal comfort in real buildings where the 
dynamics of both people and indoor climate are complex. When somebody is 
asking "which one?" he / she does not know what is the problem [refer to 
Humphreys: 1994]. 
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4.7.4 Steady state or transient conditions 
The steady-state model of Fanger [1970] assumes that the whole body is in a state 
of thermal equilibrium with negligible heat storage. In fact, the rate of heat 
generation is equal to the rate of heat loss, and thus energy balance. Fanger 
accepted that his model could be employed only when minor fluctuations of the 
variables are found, but the mean value should be reasonably constant or quasi-
steady-state. For a sudden large change, it is believed that there is an unhealthy 
"shock" effect. Furthermore, he believed that the changing thermal sensation 
from neutral to other conditions, is correlated with skin temperature and sweat 
rate in the same way as under steady-state conditions, but it fails in the transient 
reversed proceeding. Hardy et al [1971] reported that comfort is independent 
from the skin temperature. According to Wang and Paterson [1992] if a person 
undergoes a climate change, the thermal sensation will be experienced as non 
stationary within a wide range of skin temperatures from 28°C to 34°C, a person 
can be either comfortable or uncomfortable, so the sensation of comfort depends 
largely on heat storage within the body, not skin temperature. 
As mentioned above, Fanger's comfort equation, the ASHRAE standard and ISO 
standard are based on the assumption of steady-state conditions and the main 
rea~on is that environmental conditions do not vary very much. This assumption 
is important to: 
1- Determine the rate of heat gain in building 
2- Better understanding of heat transfer problems 
3- Finding practical methods for predicting a particular thermal environment 
4- Calculate the capacity of the mechanical controls. 
But in real situations, people always interact with various thermal effects between 
buildings, between control systems and so on. According to Humphreys [1994] 
in daily life sudden changes are common because of changes in clothing, activity 
and location. 
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In thermal comfort transient research it is the temperature changes that have been 
of most interest e.g. going from one thermal environment to another. 
One of the main question is: which one can be better? Humphreys [1994] noted 
that the general application of a steady-state equation is inappropriate and can 
produce not only random errors but also systematic bias. Clearly steady-state 
conditions are rarely encountered in practice [Hensen; 1990]. In transient 
condition the sensation of comfort depends more on heat storage within the body 
than it does on skin temperature [Wang and Patterson; 1992]. 
It seems that to provide thermally comfortable conditions in buildings, transient 
studies are significantly necessary, because the assumption of thermal balance is 
not very practical since in reality this will not always be the case. 
Fanger [1994] explained that steady state conditions are fairly well understood 
and the challenge is to examine how transient environments affect comfort. 
4.8 The adaptive model 
Fanger [1995] noted that "in my opinion it has always been our primary duty as 
building services engineers to serve people and accept them as they are. We 
should begin with the human being and provide the building services required to 
meet his or her needs in an economical and energy- efficient way". He continued 
that "we try to improve indoor conditions for human beings." 
The comfort (or neutral) temperatures determined from various field studies vary 
notably from one another and are sometimes difficult to reconcile with the 
temperatures calculated from the rational indices. Concern of these phenomena 
led to viewing thermal comfort as part of a self- regulating system which has 
become generally known as the adaptive model [Humphreys and Nicol; 1998]. 
This model has been supported by many studies in thermal comfort. Fountain et 
al [1996] examined how culture and climate influence people's sensation. 
Abdulshukor [1993] showed how Malaysians living in London were 
acclimatizing wit.h environmental conditions of London. Humphreys [1994] 
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produced a table, which showed different comfort temperature from climate 
chambers (Table 4.2). He argues that this proves that different people in different 
parts of the world will experience comfort at different temperatures. contrary to 
the theory that neutral temperatures are the same world wide which is the theory 
behind the PMV and therefore ISO 7730. 
Table 4.2. Neutral temperature from climate chamber tests 
Location Neutral temperature 
Danish 25.7°C 
American 25.6°C 
Hong Kong 24.9°C 
Khartoum 29.0°C 
Japan 26.3°C 
Iraq 25.9°C 
Chinese 28.0°C 
Malays 28.7°C 
Malays(London) 25.7°C 
Singapore 26.4°C 
Humphreys and Nicol [1970] investigated many field studies that show the 
relationship between the comfort votes and the climate of office workers and 
compared the results (Figure 4.3). 
On the other hand. there are real discrepancies between the empirical findings 
from field study research and the predictions of comfort equations. It is not easy 
to attribute such differences entirely to systematic or random errors of physical 
mea,\urrnent or to the uncertainties in the estimation of clothing insulation and 
metabolic rate [Humphreys and Nicol; 1998]. A feedback adaptive model for 
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thennal comfort is able to offer an explanation of the differences between the 
results of Fanger's model and field studies. 
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Figure 4.3 Relationship between mean comfort votes and mean globe temperatures. 
(After Humphreys and Nicol 1970) 
In fact, results from this can be generalized to match the circumstances of every 
day life [Oseland and Humphreys 1994]. A feedback adaptive model should not 
be seen as a rival to the heat exchange approach, for heat exchange is part of the 
internal underlying mechanism of the cybernetic loop, and a satisfactory state of 
heat exchange is intrinsic to thermal comfort. Also there will be conditions where 
feedback can not operate to produce comfort. This is typically the case when a 
person's task requires a fixed ensemble of clothing, and a fixed thermal 
environment, as may be the case in certain industrial and military circumstances 
[Humphreys; 1994]. Humphreys also noted that knowledge of the heat exchange, 
checked out by experimental verification, would be the best approach. unless the 
person can be given control over the thermal environment. 
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The concept of adaptive feedback will help to unite the results of two methods 
(climatic chamber and field study), and is essential to the understanding of field 
study results. 
However, according to Humphreys and Nicol [1998] if change occurs such as to 
produce discomfort, people react in ways that tend to restore their comfort. This 
is called the adaptive principle and these reactions are referred to as adaptations. 
The adaptive principle recognizes that a person is not a passive receiver of sense 
impressions but is an active participant in dynamic equilibrium with the thermal 
environment. Humphreys and Nicol also noted, according to this understanding, 
comfort and discomfort are dynamic in character and it is, therefore, unlikely that 
a comfort zone can be adequately described by means of temperature intervals 
alone; the time-dimension will also need to be incorporated into its definition. 
In fact, the theory of adaptation contends that people are continually seeking to 
achieve comfort and usually adapt various methods to achieve this. 
De Dear [1994], in the best illustration of the adaptive hypothesis, noted that 
one's satisfaction with an indoor climate is achieved by a correct matching 
between the actual thermal environmental conditions prevailing at that point in 
time and space, and one's thermal expectations of what the indoor climate should 
be like. Figure (4.4) show these all important expectations result from a 
confluence of one's past thermal experiences, cultural and technical [Auliciemes; 
1981; 1986]. 
The fundamental distinction between the heat balance theory and adaptive model 
is their underlying basis or cause for the shift in comfort temperature. The former 
permits only adjustments to heat balance variables such as clothing or air 
velocity, whereas the adaptive model is premised on changing the expectations of 
building occupants [de Dear; 1994]. 
The underlying hypotesis of the adaptive model is that one' s satisfaction with the 
thermal environment is guided by adaptive adjustments to not only the previling 
environment conditions but to what we expect our indoor conditions to be. 
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3- Modify the thennal environment 
4- Select a different thennal environment 
Obviously adaptive behavior is important particularly in the present study. The 
study's researcher was living in Dam for more than 25 years. His observations 
confinn adaptive behaviour for achieving thennal comfort. When he asked: "why 
must we go to the other side of house?", the answer was because the other side is 
cooler than this side. With weather changing all were going to change; summer 
clothing with winter clothing, thin blanket with thick blanket, summer rooms with 
winter rooms, summer foods with winter foods, even working times, sleeping 
times and so on. The researcher and his family, like many people in nam, did not 
use any cooling or heating systems. This is interesting if the climate of Ham is 
reviewed. During hot times a small moving fan was used and during cool times a 
small brazier. Father and mother believed not to use a brazier during sleeping 
time. The researcher does not remember any problem in tenns of environmental 
conditions. 
Many Iranian people are adapted to the resulting environment whether at I5.0°C 
or at 30°C [refer to letter of Fanger, 1995, which wrote must adapt]. 
4.9 Acclimatization 
Acclimatisation refers to the substantial physiological changes which take place 
after prolonged exposure to heat [Parson; 1993]. It is particularly important in 
hot climates. Newcomers to a hot region, who previously have lived in cooler 
regions, are likely to suffer more from the heat than persons already living in 
these places [Givoni; 1998]. 
The seasonal variations of a temperate climate are sufficient to keep the 
adaptive process alert and efficient. That there is a change in the level of 
adaptability between summer and winter is well shown when a premature hot 
spell arrives early in the year. 
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In terms of the human body, the thermo-regulatory centre is situated in the 
hypothalamus, which in response to an increase in temperature of the blood 
produces a general cutaneous vaso-dilatation. This enables the blood to carry its 
heat load to the skin where, if the ambient air is cooler, it may lose heat directly. 
If the skin fails to lose heat fast enough and the blood temperature continues to 
rise the hypothalamus further initiates sweating, the evaporation of which cools 
the skin and enables the blood to lose more heat [Brodal; 1950]. 
Thus the primary mechanisms by which the body can lose heat is the 
evaporation of sweat. In addition small amounts of heat may be lost in the 
saturation and warming of inhaled air, in the warming of food and drink and in 
the evaporation of latent perspiration. 
The cooling of the body by convection and radiation can only take place if the 
environmental temperature is less than that of the skin. In the hot and dry 
climate this is actually greater and the body would gain heat by radiation and 
convection from the warmer air. In such a climate sweating is the only natural 
means by which the body can loss heat. For sweat to evaporate the air must be 
relatively dry. The greater the humidity the less sweat will evaporate. In the 
humid climates a condition of complete saturation is not infrequent and loss of 
heat can only be accomplished by radiation, conduction and convection to the 
surrounding objects and air which in these conditions are below the temperature 
of the body. 
A question frequently asked is why sweating should continue In a saturated 
atmosphere where none can evaporate? The answer could be simple, the 
thermoregulatory centre reacts to the heat of the body, not of the environment 
and if the former rises above the threshold for sweating, sweating will 
commence even though it is valueless. 
Winslow [1949] describe a zone of thermal equilibrium between shivering and 
sweating which shifts with acclimatisation, i.e. sweating in the hot climate starts 
earlier and is more profuse- it may even be doubled with training. Ladell [195-l] 
also showed that a raised body temperature and raised skin temperature both 
acted centrally and that in an acclimatised subject sweating stared earlier. 
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Adolph [1947] advised desert travellers to limit heat gain by resting in the shade 
during the day, to remain clothed and to work or move at night. He described 
the onset of acclimatisation as beginning within four hours of exposure and 
increasing thereafter with a diminishing rise in pules rate under stress and 
increasing comfort at work. More details of recent work in this topic is in 
Parsons [1993]. 
However, there is no doubt then that in the adaptation of the human body to 
climates many factors are involved. But some researchers confine the teml 
adaptation to the type of physiological or psychological acc1imatisation through 
which a person might come to prefer or accept a different set of skin 
temperatures or sweat rates for comfort. The narrower use of the term has led to 
misunderstanding and to the rejection of the adaptive approach by those who 
believe that this kind of acclimatisation dose not occur. However, the adaptive 
model does not depend on the existence of this type of acclimatisation, and the 
adaptive approach affords useful insights irrespective of the outcome of the 
current debate about the effects (if any) of acclimatisation on the physiological 
conditions for comfort [Humphreys and Nicol; 1998]. 
4.10 Room temperature and adaptation 
Thermal comfort researchers regress the thermal sensation votes by the room 
temperatures to determine the temperature at which the occupants are in a state of 
neutral thermal sensation. This method assumes that people's thermal sensation 
is dependent on room temperature, but is any room temperature acceptable? 
Fanger [1994] noted that setting the room temperature to that which is optimum 
for a group will make some people too warm or too cool but considers methods 
such a'\ ISO 7730 a means of providing an appropriate range of temperatures for 
certain activities and clothing. 
Humphreys and Nicol [1998] noted that one of the objections sometimes raised 
ahout the adaptive model is that it implies that virtually any room temperature 
would be acceptable. They contend that scrutiny of conceivable adaptive actions 
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shows that, in a particular set of circumstances, some may not be practicable and 
others may be limited in range. It is these circumstantial restrictions on the 
adaptive actions, viewed together as an entire set, that determine the particular 
room temperature, or range of room temperatures at which comfort is obtained, or 
perhaps even prevent comfort being achieved at all. 
For a clear illustration, mathematically, the room temperature for comfort (Tc) 
will depend upon several constraints (C), C2, ..•• Cn) hence: 
The thermal discomfort (T d) will depend on the difference between the comfort 
temperature (Tc) and actual temperature (T): 
Logically people want: 
Td = Limit f( Tc -T) =0 
And it is when: 
providing people have many options. Some options are capable of being used by 
people and some of are not. The main problem in this researcher's opinion is that 
building services engineers forgot their task and the extent of it. They think that 
providing a condition of minimum thermal discomfort is their task. People seek 
to be comfortable, and act to secure thermal comfort. They are not often passi ve 
recipients of the provided environment. People will modify the environment 
[Humphreys; 1994]. The extent of the building services engineer's task and a 
knowledge of people's behaviour should be known. If it is not, many of the 
problems can not be solved in the right way. For example in the air-conditioned 
building opening the windows when the system is ON for providing cooler 
condition in the cool season. 
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Obviously in all the time of year room temperature can not be an acceptable 
temperature for occupiers. People interact with the environment such that if they 
are too warm they cool themselves down by, if possible adjusting the room 
temperature. If it is not possible, they used other methods which do not effect 
room temperature. But over a reasonable time of perhaps several days, the mean 
room temperature people experience would be close to the temperature they 
found on average to be comfortable. Results from field studies over many years 
demonstrate this fact. 
There are various factors, which may operate as boundary conditions. Thus the 
comfortable room temperature will depend on such factors as wealth of the 
occupants, the climate, the design of the building, the cost of fuel, the cost of 
clothes, the requirements of other people, the socially correct dress, the 
controllability of heating system, the normal dresses for time of year, whether the 
person must stay at fixed location, whether the activity is fixed or may be varied. 
whether uniform or special clothing is required, and so on [Humphreys; 1994]. 
4.11 Conclusion 
This chapter has described the theory of thermal comfort. It has been one of 
humanity'S major preoccupations and partly explains the need for shelter. This 
theory believed that the thermal environment has significant effects on human 
health and affected productivity. Differences between some terms in thermal 
comfort studies, which are important to use, and factors affecting thermal comfort 
are presented. 
Thermal comfort has been studied through classic theory of heat transfer between 
the human body and its surroundings, and thermoregulatory system. Both of 
them were briefly described in this chapter. 
There is an on-going debate over the difference in results from field studies and 
from climatic chamber studies, thus the chapter ha~ shown that research in 
thermal comfort must make use of both ways. Both are important and attention 
must be paid to the process of securing comfort, and many of the difficulties are 
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explicable if an adaptive model for thermal comfort is used. Humans have a 
fairly broad adaptability, a capacity for acclimatization to different conditions. 
Living in artificially maintained and homogenized environments would reduce 
this adaptability, however the end part of this chapter described the concepts and 
the theory behind it. 
Overall the main step is to establish what is the range of thermal conditions 
commensurate with comfort, without causing ill effects to occupants. 
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Chapter Five 
Review of some 
thermal comfort studies 
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S.1 Introduction 
There are many reasons for choosing and reviewing the following literature 
study on field surveys and climatic chamber experiments of thermal comfort. 
These include: 
1- Importance of the findings of some researchers on thermal comfort not on I y 
for improving the present study but also for comparison between some of 
them 
2- to understand discrepancies between field studies and climatic chamber 
studies in a practical way. 
Two main categories in the present literature study are: 
I-Climatic Chamber is important because: 
The investigation of a particular parameter is possible [Fanger; 1970]. It is 
apparent that in the field studies it is impossible to set any desired parameters as 
accurately as in a chamber [Cena; 1994] 
2- Field studies of thermal comfort important because: 
2-1- this thesis is based on field studies of thermal comfort 
2-2- field surveys provide more convincing information 
2-3- the results of field studies are more applicable 
2-4- results of other field studies can be comparable with results of present 
study 
2-5- the strengths and weaknesses of the present study will be known 
n 
5.2 Selected review of climatic chambers studies 
According to McIntyre [1982] climatic chamber studies have been central to 
thermal comfort research for many years. Such studies have been carried 
throughout the particular regions with particular aims. Some of them are briefl \' 
introduced according to the scope of the present study. The literature of 
climatic chamber studies helps understand the conditions of thermal comfort on 
controllable basis. 
Nevins et al [1966] carried out an important study on thermal comfort under 
chamber conditions with 720 American college-age subjects who were half of 
them male and other half female. The subjects were wearing 0.52 clo. 
Researchers introduced a temperature- humidity chart for thermal comfort of 
seated persons. Although they used a very good range of humidity (15%-85%) 
in eight steps, the range of air temperature was narrow (I8.9°C -27.8°C). This 
means that subjects were in a nearly comfortable or slightly comfortable 
condition. Were Nevins's subjects comfortable or uncomfortable at for example 
28.9°C? The important results of this study were: 
1- A strong linear effect between air temperature and sensation votes 
2- A small effect of relative humidity 
3- In terms of sensation votes there was no difference between male and female 
subjects 
4- The results show subjects in 75% of conditions were comfortable 
5- The comfort condition based on effective temperature was at 25.6°C with 
50% relative humidity 
The results of Nevins work are comparable with the McIntyre and Griffiths 
study [1975]. Their work was on three levels of humidity (209('. 50%. 750~) at 
23.0°C and 28.0°C. They examined the effect of humidity on subjectivc 
thermal responses. The findings show pronounced increases in the warmth votc 
with increasing humidity at 28.0°C, which is quite similar with Nevins' s results 
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at 27.8°C. Furthennore the results of Mcintyre and Griffiths work which was a 
level of 50% Rh was more comfortable than 20% or 759c. which is in agreement 
with results of Nevins in 45% Rh. 
Three years after Nevins works, Fanger [1970] conducted an experimental work 
in eight different thermal conditions. Fanger's subjects were 128 Danish 
college-age and 128 Danish elderly persons (with a mean of 68 years of age). 
Half were male and other halves were female. They wore the standard uniform 
of 0.6 c10 and sedentary activity during three-hour sessions. The results were: 
1- There was a good correlation between ambient temperature and mean votes 
2- Fanger's study showed that gender and age did not influence thermal 
neutrality 
3- Neutral temperature for the two groups was 25.7°C with the slope of 
regression equation about 0.32 in the both groups 
In other climatic chamber studies, such as Tanaba and Kimura [1987, 1994], the 
researchers had a similar idea. They determined the comfort condition for 
Japanese college-age subjects and they also found that female subjects preferred 
slightly higher temperatures and were more sensitive to cold than male subjects. 
In fact this agrees with Fanger's work because the comfort temperature between 
genders in the Fanger study was sometimes different. The neutral temperatures 
of male and female were close (female 25.5°C and male 26.1°C). However, 
Fanger concludes that gender does not influence thermal neutrality because the 
difference was not statistically significant. In his work the females preferred a 
slightly higher temperature than males. In Tanaba and Kimura's study subjects 
wore 0.6 c10 under sedentary activity. The neutral temperature (when relative 
humidity was 50%, air velocity 0.1 m1s and metabolic rate I met) was 26.3°C 
for summer and 25.3°C for winter. The other result also was: at higher air 
temperature subjects preferred higher air velocities. 
Two works by de Dear et al [1991a,b,c] in Singapore are relevant. The 
researchers used thirty-two subjects in the first work and ninety-eight subjects in 
the second work. The neutral temperature was 25.-l°C with the comfortable 
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range of 23.1-29.9°C at 50% relative humidity. These results were reponed in 
the first work. However the main findings were: 
1- Thermal sensation tending toward slightly cool; also that was not similar 
with preferred state. 
2- No statistically significant difference between temperature preferred by male 
and females 
3- Humidity had a negligible effect on thermal sensation as well thermal 
comfort, if ambient temperatures are lower than 28°C 
5.3 Review of field studies 
Humphreys' review [1976] of field studies of thermal comfort was the first and 
most fundamental. He has reviewed thirty-six field studies in a basic and 
thoughtful way. Different environmental conditions (ranging from winter in 
Sweden to summer in Iraq, difference measurement of variables, various scales, 
and various techniques) were problems which Humphreys had to solve for a 
uniform comparison. 
The use of just mean internal air temperature to predict neutral temperature is 
one of the many interesting points arrived from this study. 
The regression line, which predicts neutral temperature from the mean indoor 
temperature is: 
Til = 2.56 + 0.83/ T; (5.1 ) 
Til is neutral temperature 
T; is mean indoor temperature 
In another study Humphreys [1978a] demonstrated that the neutral comfort 
temperature is strongly related to the mean outdoor temperatures. that is: 
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Tn = 0.531 Tom +11.9 (5.2) 
Tom is outdoor temperature 
Initial interpretations of such findings emphasised adaptive processes such as 
adaptive behaviour, habituation and acclimatisation. In fact. Humphreys shows 
the principal effect of adaptive processes on thermal comfort is that the mean 
comfort temperatures is close to mean the temperature experienced and that is 
varies with mean outdoor temperature. This study is also a main step for 
introducing adaptive theory, which has quite an important effect on comfort 
(neutral) temperature. 
The following review is based on Humphreys' approach in 1976. Information 
has been also obtained from some recent field studies of thermal comfort in 
housing. 
5.3.1 Thermal comfort study in Pakistan 
Nicol and his teams [1994] conducted a longitudinal survey of thermal comfort 
in Pakistan during July 1993 (summer) and December / January 1994 (winter). 
They divided Pakistan into five different climatic zones to reflect the climatic 
variation of Pakistan. The aims were to examine the appropriateness of the 
existing design indoor temperatures recommended by the standards derived 
from laboratory studies, and to suggest a new standard, which related indoor 
temperatures to local climate and seasons. The main results of this work are: 
1- The mean comfort vote and mean preference vote were more consistent in 
summertime but more variable in wintertime 
2- Summer comfort temperatures varied between 26.7°C and 29.9°C, while in 
winter the variation was 19.8-25.2°C. 
3- Half to two-thirds of the difference between the comfort temperature in 
summer and that in winter is accounted for by changes in the clothing worn. 
4- The temperature which people will find comfortable in the summer wa, 
predicted with reasonable accuracy from the equation: 
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Tc=12.1 +0. 534 Tom (5.3) 
Tc is comfort temperature 
Tom is outdoor temperature which is %(monthly mean max.+ monthly mean min.) 
5- The comfort temperature in winter in unheated or partly heated buildings is 
about 2.4 K higher than that defined by equation (5-3). 
6- Air movement and humidity do not show a significant effect on comfort 
temperatures during winter 
7- Normal air velocity gave cooling equivalent of a shift of up to 4K in summer 
8- Skin moisture and the clothing insulation showed seasonal variations 
averaging about 0.35 votes and 0.45 clo respectively. 
9- Mean activity showed very little seasonal variation 
5.3.2 Thermal comfort study in Iraq 
Based on Webb's data in Baghdad, Nicol [1972] reported results of his analysis, 
which are interesting. Webb made observations with subjects in their homes in 
June- July 1962 while the weather of Baghdad was hot and dry. The subjects 
homes were of modern design with walls of concert blocks. 
Globe temperature, relative humidity and air velocities were measured and for 
sensation of subjects the Bedford scale (seven points) was used. Nicol found 
that Baghdad people were more comfortable at a globe temperature of 32°C. In 
the multiple regression equation computed for the responses a statistically 
significant air velocity was present but the humidity was not significant. Nicol 
also found that the air velocity was greater than 0.25 mis, and the sedentary 
acclimatised subjects had little discomfort. Thennal discomfort exceeded 20O/C 
when the temperature rose above 36.0°C. 
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5.3.3 Thermal comfort study in Zambia 
Malama [1997] reported two field studies in Zambia during the cool and warm 
seasons. Zambia is in the category of tropical upland climate with high diurnal 
range of temperatures and relative humidity varies between 20% and 75%. 
Malama measured globe temperature, relative humidity, and air velocity. The 
two individual parameters, namely clothing insulation and metabolic rate, also 
were recorded. 
A total of 43 subjects filled 3800 questionnaires against a wide range of globe 
temperatures. The average clothing values were 0.45 in warm season and 0.7 in 
cool season for men and were 0.60 in warm and 0.85 in cool season for women. 
The results revealed that the mean comfort vote in the cool season was -0.6 and 
in the warm season was 0.7. The neutral temperature was 26.0°C in the cool 
season and 25.2°C in the warm season. The results also showed that in the cool 
season clothing and control of environment (such as closing of door Lmd 
windows) were the main forms of adaptation behaviour. In the warm season 
only the environmental controls were used by the subjects as a method of 
adjusting to their thermal environment. 
Malama showed that the globe temperature is the most accurate predictor and 
has a greater effect on thermal comfort than air velocity and relative humidity. 
He noted people in traditional housing were more comfortable than in 
contemporary housing in the cool season, but that there was no significant 
difference between them in the warm season. In both cool and warm seasons 
there was little difference in comfort temperature between the males and female. 
5.3.4 Thermal comfort study in Bangladesh 
Mallick [1996] studied the thermal comfort of people who are living in urban 
housing in Bangladesh which is in the warm humid tropics. High temperatures 
for most of the year and very high humidity mark the climate of Bangladesh. 
The periods of observations were between February and September, which 
covered the short hot and dry period and the hot humid period. 
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Mallik measured air and globe temperatures, humidity and airflow, which were 
generated by the ceiling fan. For individual parameters he assumed a metabolic 
rate between 0.8 to 1.2 met and clothing insulation of 0.5 clo. 
He found that the comfort temperatures increase with air movement for certain 
values. For air movement up to 0.15 m1s no appreciable change in the range of 
comfort temperature was observed. For air flow of 0.3 mls there is a rise in the 
lower and upper limits of temperatures by 2.4°e and 2.2°e respectivelv. For 
higher air flow of 0.45 m1s the change in both limits are less than loe. 
However, the results showed that the tolerance of the subjects was with high 
temperatures of 24.0 -32.0oe and high relative humidity up to 95lJe and neutral 
temperature was 28.0oe. 
5.3.5 Thermal comfort study in England 
Oseland [1994b] carried out field studies of new homes during the winter and 
summer of 1988-1990. Eight hundred and eight occupants voted on an 
ASHRAE thermal sensation scale. They wore 0.7 clo in summer and 0.9 clo in 
winter. Mean outdoor temperature in winter was 12.1°e and in summer 
was 19.2°e while indoor mean temperature was 19.2°e in winter and 21.7°e in 
summer. Against these means, mean sensation votes were 0.6 in winter and 0.3 
in summer. Neutral temperature from linear regression analysis was 17.0oe and 
18.9°e for winter and summer respectively. On average, the respondents rated 
themselves warmer in winter than in summer even though the room 
temperatures were lower. Oseland noted that this is possibly because of the 
relative difference in the indoor and outdoor temperature. 
Furthermore the respondents prefered to be slightly warm in winter and neutral 
in summer. Oseland believed that these thermal sensations correspond to lower 
indoor temperature in winter than in summer. This may be due to using the 
ASHRAE scale differently across seasons, compared with the relative 
difference in outdoor temperature. 
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5.3.6 Thermal comfort study in Solomon Islands 
Subjects of Woolard's [1980] comfort study in naturally ventilated houses in the 
Solomon Islands were asked to indicate how they felt on a graphic scale of 
thermal sensation which was calibrated with the ASHRAE scale. Some 1500 
respondents wore light clothing and had a light activity during the time of the 
questionnaires. These observations were made in June, July and August 1976 
when the weather was warm and humid. Air temperature. globe temperature. 
relative humidity and air velocity were measured. 
Thermal sensation votes were correlated with air temperature and globe 
temperature (Sv:Ta = 0.56 and Sv:Tg = 0.57). Neutral temperature from 
regression analysis was about 27.5°C with a range of neutrality of 4.5°C. 
Woolard found that the air temperature was a rea~onable thermal index and also 
he found that Solomon Islanders were not substantially different in their comfort 
requirements to other peoples resident in the warm humid tropic. 
One thing which is important is that it has been established that humidity has 
little effect in the thermal comfort range and that away from the comfort zone, 
humidity is of increasing importance [Winslow et al; 1937], but in Woolard's 
work this tendency does not appear to be supported. 
5.3.7 BRE survey 
In 1986 the BRE conducted a survey in one- bedroom and bedsit starter homes. 
From environmental parameters just air temperatures were measured. A main 
question in the survey was about thermal sensation of subjects according to the 
seven point ASHRAE scales. Three hundred and eighty three British subjects 
with an age range of 21-30 years filled their questionnaires in nearly sedentary 
condition. Subjects had mean clothing value about 0.6 do. The linear 
correlation between the mean thermal sensation vote and air temperature 
rounded to the nearest 1°C, was good (r = 0.95). the neutral temperature was 
18.7 °C ( or 16.3 °C predicted from the regression equation) 
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5.4 Overview of field studies 
Data from the above field studies and three further field studies in housing are 
tabulated in Table (5.1). Together they consist of over 21000 observations 
made in a variety of climates and countries. In all ca'ies air/globe temperatures 
have been measured but in some of them humidity and air velocity were 
recorded. Comfort votes on the Bedford scale, C, or the ASHRAE sensation 
votes, S, are also shown. 
Table 5.1 Summary of some information of some field studies 
No 1 2 3 4 5 6 7 8 
Ca. Researcher Year Season Country Obs. T;](Oc) Tom<°c) SIC 
1 Humphreys 1993 Summer Pakistan 568 29,4 26.1 0.89 
2 Hancock 1993 Summer Pakistan 556 30.2 31.6 0.60 
3 Ballantyne 1967 Winter Papua 1992 2X.3 - 0.7~ 
4 Humphreys 1994 Winter Pakistan 515 18.6 13.3 -0.78 
5 Humphreys 1994 Winter Pakistan 548 12.7 9.0 -2.36 
6 Mallik 1995 Summer Bangladesh 400 29.4 - -
7 Malama 1997 Warm Zambia 1790 28.9 - 0.7 
8 Malama 1997 Cool Zambia 1780 20.4 - -0.6 
9 Nicol 1974 Summer Iraq 1284 35.9 - 0.66 
10 Nicol 1993 Summer Pakistan 437 30.2 32.4 0.56 
11 Nicol 1994 Winter Pakistan 470 24.6 20.1 -0.19 
12 Nicol 1994 Winter Pakistan 582 18.7 14.4 -1.25 
13 Fox 1973 Winter England 769 17.2 - -0.06 
14 Oseland 1991 Winter England 515 19.2 12.1 0.6 
15 Oseland 1992 Summer England 293 21.7 19.2 0.3 
16 Oseland 1994 - England 350 21.9 - 0.5 
17 Roaf 1993 Summer Pakistan 492 29.6 25.8 0.77 
18 Sykes 1993 Summer Pakistan 190 31.4 30.0 0.49 
19 Sykes 1994 Winter Pakistan 425 19.4 6.0 0.29 
20 Woolard 1976 Summer Honiara 1965 27.7 - 0.08 
21 Goromosov 1963 Heat USSR 5902 28.8 - 1,4 
22 BR£ 1986 England 3X3 19.1 - --
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Table 5. 1. (continue) Summary of some infonnation of some field studies in housing 
No 9 10 11 12 13 14 15 
case Neu.(OC) Clo. V. Stand.* r(Tj:S) r(Tj:Clo) Tn(Hu)** City 
1 23.8 0.74 0.74 0.59 
-0.03 27.0 Saidu 
2 28.0 0.69 0.77 0.56 -0.10 27.7 Peshawar 
3 25.3 - 0.67 - - 26.0 
-
4 23.1 1.15 0.2 0.43 -0.44 18.0 Peshawar 
5 22.8 1.28 -0.1 -0.05 -0.17 13.1 Saidu 
6 28.0 0.5 0.73 -
- 27.0 Dhaka 
7 25.4 0.50 0.7 0.50 0 26.6 Kitwe 
8 26.0 0.7 0.28 - -0.54 19.5 Kitwe 
9 32.5 - 1.0 0.70 
- 32.4 Baghdad 
10 27.8 0.63 0.77 0.55 0 27.7 Multan 
11 26.2 0.98 0.5 0.33 0.03 23.0 Karachi 
12 29.7 1.27 0.2 0.49 -0.09 18.0 Multan 
13 17.5 - 0.12 - - 16.9 -
14 17.0 0.9 0.22 - - 18.5 -
15 18.9 0.7 0.35 - - 20.6 -
16 20.6 1 -0.35 0.53 - 20.7 -
17 24.5 0.68 0.74 0.43 0 27.1 Quctta 
18 23.7 0.56 0.83 -0.07 -0.45 28.7 Karachi 
19 22.9 1.17 0.23 0.28 0.23 18.6 Quetta 
20 27.4 - 0.64 - - 25.6 -
21 22.4 - 0.70 - - 22.4 -
22 18.7 0.6 0.17 0.95 - 18.4 -
• Standardised mean thermal responses (Humphreys 1976) 
"Neutral temperature from Humphreys' equation 
In these studies, for the two basic designs, namely longitudinal and transverse. 
longitudinal is more used than transverse. 
Clothing as an important individual parameter was recorded except in two cases 
(9 and 12). The correlation of clothing with temperature (Column 13) in some 
of the studies is interesting which is negative and high (Cases 4.5.S and IS). 
Three of those are during cool periods and case "IS" is during summer time. 
This is to be expected as the subjects were using clothing insulation as a way of 
adapting to the environment. On the other hand differences between clothing 
values during a hot and cool period in the same area is important and that is 
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another reason for adaptive behaviour. The mean clothing values during hot 
period (according to the season of each study and mean outdoor temperature) 
was 0.62 clo while it was 0.98 during cool period. 
For sensation (or comfort) votes researchers used ASHRAE (7 -points) or 
Bedford (7-points) except in Goromosov's work where he used a four point. As 
mentioned in the previous chapter the ASHRAE scale and the Bedford scale 
have been found to behave more or less the same in most practical situations. 
Column 12 of Table (5.1) shows the correlation coefficients between air/olobe 
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temperatures and sensation (or comfort) votes. When air temperatures are 
increased the subjects vote their sensation to be going to warm. Thus 
correlation coefficients between them should be high and positive. But it should 
be remembered that much adaptive behaviour could effect such a correlation. If 
the subjects had no control over their environment, it should be expected that a 
correlation coefficient between air/globe temperature and comfort votes to be 
near unity. However, this is not so, because people can change in postures, can 
dress themselves individually as they wish and so on. 
From Column 12 in most of the studies the correlation coefficient between 
comfort votes and air/globe temperatures is high and significant. except two of 
those (case 5 and case 18). In both cases significant correlation between 
clothing values and globe temperatures (Column 13) could be an important 
reason for such low correlation. However this implies some adaptation is taking 
place. Another reason could be because of a small variation of temperatures 
during time of questionnaires. 
The means range of air temperature was from 17.2°C for case "13" to 35.9°C in 
case "9". Such a range of indoor air temperature is against mean comfort 
(sensation) votes between -2.36 (Case 5) and 0.89 (Case 1). Figure (5.1) is a 
scatter diagram of the mean sensation votes against the mean temperature. with 
the exception of case "21". It seems Saidu subjects (Case 5) were not happy 
with their environment. Their mean outdoor air temperature was low, hut the 
indoor temperature equals 12.7°C, which implies a sensation ,'otes of annut 
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"-0.10". Th' f h IS comes rom t e regression equation, presented by Humphreys 
[1976]. This equation is: 
Y = -0.244 + 0.OJ66X 
Y is standardised mean thermal sensation response 
x is mean air or globe temperature 
Other sensation votes of field studies agreed with Humphreys' equation as 
shown in Column 11. 
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Figure 5.1 Scatter diagram of mean temperature against sensation votes 
The comparisons of the mean thermal sensation responses from field studies, 
which are presented in Table (5.1), are made. They are regressed against mean 
air or globe temperatures shown in Figure (5.1). The regression equation is: 
S = 0.08 T; -1.74 (eq. 5-5) 
T; is mean temperature 
S is sensation vote 
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All studies for calculation of neutral temperatures used simple linear regression 
analysis, although some of the researchers calculated neutral temperature with 
probit analysis but they are not presented here. 
However, neutral temperatures derived by regression analysis are shown in 
column "9" (Table 5.1). The range of neutral temperatures are between 17.00C 
(case 14) and 32.5°C (case 9). According to Humphreys [1976] three factors 
apart from the thermal environment, can combine to produce different neutral 
temperatures. They are the levels of activity, clothing insulation and the 
physiological state, which is considered by the respondents to be ·'neutral". 
Humphreys [1976] found that between mean indoor temperature and neutral 
temperature is a very high and positive relationship. The equation of the 
regression line between them, which is used to predict the neutral temperature 
from the mean indoor air or globe temperature, is equation (5.1). 
This equation shows that the neutral temperature will be low when in the 
moderate climates and it will be high in the hot climates. However Figure (5.2) 
is a scatter diagram showing the mean temperature and the neutral temperature 
from data of Table (5.1). 
From Column"9" and Column "14" (Table 5.1) deviations between neutral 
temperatures from regression analysis (actual data) and Humphreys equation 
can be found. The neutral temperatures in cases 2,3,6,7,9, 10, 13, 14, 15, 16 
and 20 agree with Humphreys' equation. Clearly because of high clothing value 
in cases 4, 5, 11 and 19, the neutral temperatures of subjects is higher than 
neutrally predicted by Humphreys' equation. Because of a lack of any more 
information about Goromosov's work (case 21), it can not be explained here 
why there is a difference of about 4K between his neutral temperature and 
predicted neutral temperature from Humphreys' equation. This is maybe 
because of time of observation, which was during the heat of day. 
Differences between neutral temperatures of Malama' s work [1997J and 
predicted neutrality by Humphreys equation is also important. Malama's 
subjects during the warm season were neutrally fitted by producing neutral 
temperatures by Humphreys' equation, but in cool season did not. Surprisingly 
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the neutral temperature in the warm season is higher than the cool se ason. 
Differences between clothing value in both seasons is not great, so this 
difference cannot be because of clothing insulation. 
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Figure 5.2 Scatter diagram of neutral temperature against mean temperature 
If air velocity is taken into account, it can not also explain the discrepancy of 
about 6.5°C. On the other hand Auliciem's equation (Tn = 0.73 Ti +5.41 ) is not a 
good predictor for Malama's subjects. When, because of unreliable regression 
coefficient, Malama used Griffiths' equation (Tn = Ti + (0 - CrrJl a *), it yielded a 
neutral temperature of 22.2°C for the cool season and 25.4°C for the warm 
season. According to Nicol and Roaf [1996] there is some evidence that in free 
running buildings in winter the comfort temperature is some 2-3°C higher than 
that predicted by Humphreys equation. 
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5.5 Differences, strengths and weaknesses of both methods 
Because of the different results from climatic chamber studies and field studies. 
there has been a debate on which method gives the more accurate results. 
Fanger [1970] suggests that the difference in results arise from poor data input. 
He notes that to make a fair comparison, it is essential that all four 
environmental factors are properly measured and that a careful estimation is 
made of the activity and clothing. However to arrive at a decision. it seems 
some points in both methods should be considered. 
According to Humphreys [1994] in terms of temperature for thermal comfort 
from climatic chambers, there is rather more diversity than might have been 
expected, opening the possibility that comfort is dependent on factors other than 
clothing and metabolic rate. He collected neutral temperatures from climatic 
chamber tests, which is shown in Table (4.2). 
Humphreys noted that these results, taken in conjunction with the wider than 
expected differences among other recent results, suggests that the assumption 
that comfort temperatures are invariant is not always tme. Especially 
Abdulshukor [1993] shows a highly significant 3°C difference in comfort 
temperature between Malay student in London and Malaysia. In fact this proves 
that different people in different parts of the world will experience comfort at 
different temperatures, contrary to the theory that comfort temperatures are the 
same world-wide, which is the theory behind the PMV and therefore ISO 7730. 
On the other hand Humphreys [1976] noted that the lack of control over the 
respondents or their environment is at once the strength and weakness of the 
field study. Because they are free to continue their normal activity in their 
normal clothing and surroundings the respondent's assessments are likely to be 
reliable descriptions of their feelings in daily life, and not merely transient 
impressions of unfamiliar environments. 
In terms of the particular parameters the results of climatic chamber studies arc 
more reasonable. For example, the possibility of using climatic chamber studies 
for understanding the effect of air movement and thermal radiation on subje(ts 
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is greater than for field studies. Research has been performed on such studies in 
climatic chamber conditions [Oseland and Humphreys; 1994]. 
However, there is a difference between neutral temperatures that come from 
both models, but the fundamental question is: are such differences due to a 
genuine context effect or due to differences in measurement or statistical 
technique [Oseland; 1994a]? 
Humphreys [1994] noted that the climate versus field study differences are not 
the fundamental problem in thermal comfort research, whereas applying steady 
state heat- exchange equations to a variable environment is. Wyon [1994] 
reports that in different environments the regression slope relating the reported 
thermal sensation to temperature will vary due to differences in expectations of 
that environment, thus different neutral temperatures will be produced. 
5.6 Conclusion 
The principal findings are: 
1- An important discrepancy exists between field study results and climatic 
chamber results in the temperatures they predict for the thermal comfort of 
occupants 
2- A strong linear effect exists between air temperature and sensation votes in 
both climatic chamber and field studies 
3- The findings from field studies show the relationship of comfort 
temperatures with the environment to which the subjects were exposed to 
4- Air temperature is an important thermal comfort index 
5- The occupant has a dynamic relationship with his environment, and will 
generally take action to secure his own comfort, unless he is prevented from 
doing so. 
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6- The neutral temperatures varied from one climate to another. from one 
culture to another 
7- A small effect of relative humidity on neutral temperature and comfort 
conditions exists but step changes in humidity do produce quite large but 
temporary changes in the sensation of warmth 
8- Gender and age do not influence thermal neutrality 
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Chapter Six 
Thermal comfort 
surveys in lIam 
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6.1 Introduction 
This chapter presents the results of thermal comfort field surveys in Dam. There 
are two comfort surveys: the first was in July and August 1998 during the hot 
season and the second one in December 1998 during the cool season. 
The first section of this chapter looks at the methodology and variables 
measured, which are important in any thermal comfort study. The methodology 
will be explained in terms of: kind and level of this experimental study; choices 
of housings and problems. Next to this, measurements of individual parameters. 
scales and questionnaires are presented. The second section describes the 
results of the surveys in Ham. This section is divided into two main parts: 
results and analysis of results. More discussions and comparison to other 
studies are presented in Chapter Eight. 
This chapter also will examine the effects of some variables on human comfort. 
The neutral and range of comfort condition zone has been established. 
6.2 Methodology 
The field study of thermal comfort is the methodology used for the present 
study, which is based on observations in the actual environments. 
There are two main methods of determining thermal comfort I.e. through 
climate chamber experiments or through field studies. Climate chamber 
experiments can be performed in laboratory conditions, while field studies can 
he done anywhere as long as the right instruments are available. The important 
advantage of the field studies is that it is an in-situ experiment, which means 
that the results of the method can be directly applied to similar thermal 
environments. The environmental parameters and personal parameters cannot he 
closely controlled, so the results are applicable to the normal conditions 
encountered by the respondents during the season of study. 
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Nicol [1993] has divided field surveys into three levels: 
Level I - simple measurements of temperature in occupied dwellings. with no 
subjective responses. 
Level 11- measurements of the thermal environment and subjective response to 
it. 
Level 111- surveys, which included all factors, needed to calculate the heat 
exchange between a person and the environment together with subjective 
responses. 
The present field surveys used level II and level III. 
Two basic designs also have been used in the field studies; the longitudinal and 
the transverse. The longitudinal is to collect the survey data from comparatively 
few respondents and repeat the surveys over a period of weeks or months. From 
longitudinal it is possible to investigate the consistency of individual response 
and to observe the progress of adjustment to changing conditions. Because of 
the small number of respondents such a study may not provide data which is 
representative of the wider population. The transverse is to use a large number 
of respondents and make only one assessment at a particular time and space. 
This type of study indicates the extent of variation among individuals responses 
and gives good estimates for the population [Humphreys; 1976]. 
The main difference between longitudinal and transverse is that the results of 
longitudinal types should not be used as a representative for a wider population. 
and this is because of the small number of respondents involved, while 
transverse is to use a large number of respondents and make only one 
assessment at a particular time and space. This will indicate the extent of 
variation among individual responses for population group. However the two 
types of study are complementary [Humphreys; 1976]. 
This current field study uses the transverse design survey. In a small section of 
the experimental work the longitudinal survey also was used. In total 1400 
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transverse sampling data sets and 476 longitudinal sampling data sets were 
taken. 
The place of field study is important. There are two principal locations where 
thermal comfort surveys may be conducted: the places where people live and 
the places where they work [Cena; 1994]. Cena also noted that it tends to be 
more difficult to organise an extensive study in private homes than in work 
places. This is due to the natural reservation of the occupants to have any 
intrusion into their private lives. It is particularly important in countries with 
special customs, culture and with different definitions of privacy according to 
their religion (like Iran). However, information about comfort conditions in 
houses is very important, not only in terms of energy conservation but also in 
terms of user satisfaction. 
Nicol [1993] noted "we are interested in the relationship between the subjects 
and their environment. If the room is atypical, or the building of unusual design 
this may limit the applicability of your results". This study was looking for 
typical housing in Ilam. It was not difficult for contemporary housing but was 
more difficult when selecting traditional housing. Some of them were useless 
and a few of them were not in traditional conditions. For example street 
widening, especially after the war between Iran and Iraq. caused changes in the 
amount of shade on the houses. Many years ago in such housing the west 
facade had a good condition because of narrow streets but today west facades 
have a very bad condition because of street widening. This study was not able 
to ignore such traditional housing. However the main point which is quite 
important in this study is that all families were living in the traditional way. 
The choice of the houses to be used for the survey was based on the following 
criteria: 
1- Located in Ilam, the city in the west part of Iran 
2- All houses must be courtyard housing 
3- Courtyard in traditional housing should be small in size and as much as 
possible central courtyard ( rooms or other spaces around courtyard) 
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4- Recently built houses as contemporary houses (no more than 20 years old) 
5- N aturall y ventilated 
6- Typical in terms of design and material as far as possible 
There was a main problem. When a researcher is going to any house for a field 
survey, he/she is going to break the main aim of the field study of thermal 
comfort because the normal activity and normal clothing of the occupants 
immediately change (influence of religion and culture), particularly in 
transverse sampling. However the main problem in the present study was how 
is it possible to arrange a program without this problem? Some solutions were: 
J- Explain to subjects a day before what the survey is for 
2- Attempt to make the time as short as possible between arriving into the 
houses and completing of questionnaires. 
3- Some time after placing of equipment in the suitable location, the researcher 
wanted questionnaires completing at a specific time. 
6.3 Measurement as a main step 
According to Nicol [1993] the first thing to be said to anyone contemplating 
conducting a field survey is that you should have a clear idea of what it is you 
want to measure, and how you intend to measure it. Environmental and 
personal measurements in the present study are described as below: 
6.3.1 Environmental variables 
Air temperature is the most important environmental factor [Auliciems and 
Szokolay; 1997]. Humphreys [1976] noted that often (in field studies) for 
simplicity. air temperatures alone have been measured, but in these cases there 
has usually been no attempt to shield the thermometer from radiation, so its 
reading would have been affected to some extent by the mean radiant 
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temperature of the surrounding surfaces. Indeed it is. However three conditions 
maybe: 
1- If the air is warm, but the walls are cold, some radiation will be emitted 
from the globe and the reading will be below the air temperature - fT~ < TaJ 
2- If radiation is received, the reading will be higher than the air temperature-
{Tg>TaJ 
Despite the argument for both globe temperature and air temperature, some 
researchers use just air temperature in their comfort studies. This is because of 
the high correlation between them with a small standard deviation and 
furthermore with almost equal means of them. For example, Webb's work in 
Singapore [1959]. He noted that the globe temperature was found to agree 
closely with the air temperature and was subsequently ignored (S.D. was ± 
0.2°C). Data from experimental work by Nicol and his team [1994] in their 
Pakistan field survey showed that globe temperature and air temperature were 
similar. The difference in summer and winter was less than 0.4 °C in different 
homes, however Nicol noted that he used globe temperature because it takes 
account of radiation as well as air temperature which is widely used in comfort 
studies. The present study used air temperature as a principal physical variable. 
Air temperatures were obtained from Skye Data Hog, data- loggers that 
gathered and stored results automatically (see Appendix A). 
Hensen [1990] concluded that the effect of humidity on thermal comfort and 
thermal sensation is probably considered as a minor influence. However, when 
temperatures are inside or near the comfort zone, fluctuations of relative 
humidity from 20% to 600/0 do not have any effect. It will be of significant 
effect when the environments become warmer [Gonzalez and Gagge: 1973 -
Nevins et al 1973]. De Dear et al [1989] found that people feel cooler instantly 
for decreases of relative humidity and they feel warmer instantly for increases. 
Such evidence shows the importance of humidity, even in hot- dry climates. 
Nicol [19931 advised the use of water pressure rather than the relative humidity, 
because it is the most basic measure of the water contained in the atmosphere 
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and the most relevant measure physically. In the present study Rhlk was 
converted to water vapour pressure (P a) using values of Ta in the equation: 
Pa = Rh x exp( 18.956 - 4030.181 (Ta + 235)) millibar (6.1) 
(from McIntyre; 1980) 
The Skye Data Hogs (together with air temperature) took relative humidity. It 
is well to say that 5% Rh or ±2 mb water vapour pressure seems a reasonable 
accuracy [Nicol; 1993]. 
In the naturally ventilated spaces, especially if these are in a hot climate, air 
movement will have a big effect on the thermal comfort of the subjects [Nicol; 
1974]. Nicol [1993] noted that Rohles (as quoted in Nicol; 1993) in the field and 
in the laboratory both estimate the effect of introducing air movement to be the 
equivalent of a drop in temperature of about three degrees. 
However, the measurements of air velocity, especially In hot climates are 
important but present a number of problems. It is so variable from place to 
place in a room as well as in direction and magnitude. A problem for the 
comfort researcher is to present all this variability in a meaningful way [Nicol; 
1993]. 
In the present study an airflow meter, Solomat MPM 500e, measured an 
velocity. The amount of air velocity is reported by square root of air velocity, 
because when averaging the air velocities, it might seem logical to take a simple 
average of (V) over a set time period, say 3 minutes. However it should be 
remembered that we are interested in the air velocity for its cooling power and 
not its absolute value. The cooling power is more closely described by the 
square root of the air velocity, so averaging ...JV would give more useful results 
[Nicol; 1993]. 
The main question is: how were environmental variables measured? 
For this survey the data loggers and air velocity meter were carried from subject 
to subject and measurements of the environmental data taken for the subject 
making a comfort assessment. The time was accurately written on the 
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questionnaire. The number of data loggers, which were used in each house was 
equal to number of the subjects except when subjects were in the same place. 
The consideration in the environmental measurements were: 
1- The data logger was not in a permanent position in each house 
2- The position of the data logger was up to the subject 
3- The vertical height of data loggers were 60 cm- 120 cm on a horizontal 
plane 
4- The data logger was not less than a metre from any wall. 
5- In courtyard data logger was in shade place except when the subject was 
unshaded, however it was us~d with sun protector (Figure 6.1 ). 
Figure 6.1 The data logger with sun protector 
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6- After data collection the equipment was moved to the next house 
7- Air movement was measurement in two directions at the time of 
questionnaires. A verage values are reported 
6.3.2 Individual parameters 
Clothing is an important factor contributing to human response. It is not 
controlled in field studies, but has often been recorded. The usefulness of the 
record of clothing is two fold, [Humphreys; 1976]: 
1- It gives insight into the way people have adjusted to the prevailing 
temperatures 
2- If the thermal insulation of the ensemble is estimated, a theoretical 
prediction of the respondent's thermal state can be made from a comfort 
equation 
In the present study data on clothing were very important because clothing plays 
a more important role in tropical regions than other regions [Nicol: 1993]. For 
this survey value of clothing insulation were derived from Appendix (C) of 
Nicol's book [1993] as well as clo. values which were used by Nicol and his 
team in thermal comfort survey in Pakistan [1994]. This is because of similar 
clothing type between Pakistanian and Iranian people such as Chador, Scarf etc, 
which are used in both countries with similar shape and materials (see Appendix 
C of this thesis). 
Clo units for clothing insulation are used. The c10 unit was introduced to 
facilitate the visualisation of clothing level and is insulation necessary to keep a 
person comfortable at 21°C - about that of an office worker's suit. A thermal 
insulation of 1 do = 0.155 m2 KIW [Nicol; 1993]. 
According to Nicol [1993] the measurement of metabolic rate is not really 
necessary in field studies. being a function of the social and climatic milieu and 
of the task for which a comfort temperature is being found. It is also reported 
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by Humphreys [1976] that variations of activity have not often been recorded in 
field studies of thermal comfort. Most experimenters have given only a general 
description of the activity of their respondents. In this study tables of metabolic 
rate which are presented by ISO 7730; 1994 was used (see Appendix B). As 
with Nicol's et al [1994] work in Pakistan no attempt has been made to relate 
this to any measure of metabolic energy output. It is measured in met where 
Imet = 58.2 W/m2• 
6.3.3 Subjective scales 
In terms of sensation votes two forms of subjective scales with minor variations 
are about equally common: the Bedford scale and the ASHRAE scale (Table 
4.1) 
The Bedford scale is a combined estimate of warmth and comfort and this 
feature has been criticised on the ground that the relation between the two is not 
necessarily constant. The ASHRAE scale by contrast in its revised form 
contains no explicit reference to either comfort or pleasantness [Humphreys; 
1976]. The two scales in practice behave in a very similar way and the results 
obtained by them may be compared directly with each other [McIntyre; 1980]. 
In terms of comfort terminology the results are referred to as the comfort 
temperature when the Bedford scale is used and referred to as the neutral 
temperature when the ASHRAE scale is used. 
In this study the ASHRAE scale is used because of the problem in the 
translation of the word 'comfortable' in the KURDISH language (KURDISH is 
local language in I1am). In terms of general description the word RAHAT AE is 
equal with 'comfortable', but when environmental condition is the aim. 
comfortable is equal with KHOSHAE. The main point is some people are using 
both of them interchangeably. ASHRAE scale was easier for translation than 
Bedford scale. Humphreys [1999] reported that in terms of results they are the 
same. 
Thermal preference is to examine the subject's preferred temperature. which the 
neutral temperature cannot represent. According to Oseland and Humphreys 
[1994] "would a person like to be cooler or warmer" is the most important 
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question and it is not too difficult to find the answer. Fisk [1981] defined the 
idea of preference that relates to a choice for alternatives. However the 
preference vote which is most common and was used in the present study is the 
three point suggested by Mcintyre et al [1976]. 
Two further three point scales specifically address perceptions of humidity and 
air movement. It seems any idea about the amount of humidity or air movement 
is difficult to say especially when we are using a wide category. It is particular 
important in a hot and dry climate, where the humidity is low and air movement 
is very variable. It is difficult to recognise between two categories when the 
discrepancy is little especially in these two limits (low and very). Table (6.1) 
shows humidity and air movement scales. 
Table 6.1 The air movement and the humidity scales 
Air movement scale Humidity scale 
Still -I Dry 
Just right 0 Just right 
Breezy +1 Humid 
6.3.4 Questionnaires 
The questionnaires contained SIX questions and personal information of 
subjects. They are in order of thermal sensation: using a seven point ASHRAE 
scale; preference, using a three point McIntyre scale; humidity vote and air 
movement vote, using a three point scale two other were about activity and 
metabolic rate. The questions required the respondents only to tick the 
appropriate choices (see Appendix D). 
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6.4 The programme 
The programme of work included four ph e of fi Id tud in th ll) fIlm : 
1- July- Augu t 199 - During hot e on ith 9 ubje t In tr 
ampling at about 50 traditional hou e and 70 contemp rar ' h u 
6.2) 
2- July- Augu t 1999- during hot ea on with 190 In tran ~ ver 
amplin g at about 40 poor quality hou e with 10 In m fami li 
even) 
h t r 
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amplin g at about 30 traditional court ard hou and 4 nt mp rar)' 
C urtyard hou e (Table 6.3) 
Table 6.3 Summary of fi eld tudy of thermal comfort in I1 am-Iran (D . I 
DATE Place Time u ~ l I 
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--
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I. 26 D .00 22.00 1- 16 2 
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and with a mean of 32 persons in each day. Table (6.2) and Table (6.3) show 
the start and finish time of each day of experimental work as well as number of 
subjects. 
6.5 Data 
6.5.1 Subject information 
The total sample of responses numbered 1187 drawn from occupants in two 
types of Iranian housing namely traditional courtyard houses and contemporary 
courtyard houses during hot and cool periods. Eight hundred and nine sets of 
these were obtained in the hot period and 378 sets were in the cool period. 
More data in the cool period were not possible because of two things: 
1- A big part of the cool period (one month) was Ramadan. Muslim people 
during Ramadan have a different condition than other months. They do not 
have food or drink in the daytime and they like a private place to worship 
(prayer and other things like that). The number of people that were not in 
this condition was very limited. Two hundred and ninety two sets of cool 
period data were obtained before Ramadan (14 December- 23 December) 
and just 86 sets were obtained during Ramadan. 
2- Iranian schools exams time is in December. Many people don't accept any 
inconvenience at this time. 
From all subjects 628 were men and 559 were women, also 734 were living in 
the traditional housing and 453 were living in the contemporary housing. About 
one-quarter of sample comes from courtyard (semi-open space) which was 
obtained just in the hot period. 
The age of the subjects ranged from 12 to 75 years with a mean of 36. All 
subjects were in good and normal health with the exception of one person 
during the hot seal\on. He had migraine, which is a periodic sickness. This 
subject during the time of the questionnaires was in a good condilion. 
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ummary f per onal information of the re p nd nt pr nt inT 
Table 6.4 tati tical ummary of per onal information 
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6.5.2 Distribution of physical data 
The umman e of the climatic data In their m an , r no n l n rd 
deviati on are tabulated in Table 6.5 for the hot and 001 
In thi tudy air temperature were me ured in all ut 
temperature often were onl y collected at indoor conditi n du ri n h t n. 
The correlation coefficient of the globe temperature ith air t mp r tur \\' , 
very hi gh and positi ve [r (Ta, Tg) = 0.98] while th m an v lu fa ir 
t mperature wa 30.4 °C, nearly the arne a globe t mp ratur 
° 
tandard deviation of air temperature and globe t mperatu r \ r th am 
igure (6.2) hows the catter di agram between them. 
Thi tudy u e ju t air temperature a a main mf rt in d Ian [ I -1 
n t d a re earch by Humphrey [1 976] h win g th at air t mp r tur n t 
significantly differ from radiant temp ratur in home . . 
Tabl .5 M an and tandard devi ation of n Ir nm ntal data 
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Mean V 0.4 0. 17 0.16 0._ 7 .17 O. 0 
SO . 11 0.0 0.06 .10 0.1 
Min. . 17 0 0.1 0 0 
M x. .7 _ A 5 .4 O. O. .7_ ) I O. 
CII . C( III III I Har l II u~in~ - II 1 ~'cS n (C: ( , nlcl1l rary Iiou In ,- (I 11 cJ on 
. II. 'ra IIl in n:ll 1 lOll in \!- II T : Tr Ulll nJI Ii ou In\! - 11 ',I nn 
YII : ' !lIn 'ar I ) nUi IIOIl - II I I ' ,~ n 
\ 11 . All ~llh)t' ' Is du rin\! It Ih . ',1 )n~ 
11 0 
AII. H: II UhJ"1 - lI l1 \l' ,\ )n 
f\ 11. : II ub)l"1 - (101 \l I on 
Indoor aIr temperature" ranged from a low of 15.5:C in traditional hou"tn~ 
during the cool season to a high of 32.7°C in traditional housing during the hut 
"cason. The low and high temperatures during the hot "ca"on for cnurtyards in 
traditional housing were 25.4°C and 44.3°C respecti\·ely. 
Temperatures averagmg around 30:C for all spaces \\ith 10=C difference 
between hot and cool seasons (around 20°C in cool "cason) makes a good 
.... 
opportunity for significant results in the present study. 
Mean square roots of air velocity in both traditional and contemporary housi ng 
were same as 0.3 (rn/s)O.5 in hot season while courtyard has an a\erage of 0.5 
(m/s/ l .s. Clearly air velocities of indoor and outdoor are generally different. 
This amount was 0.2 (m/s)o.5 for indoor condition during cool "cason. There is 
no difference between traditional housing and contemporary housing. 
('"rrilillll hell\"('/,II air and gioh,' Il'lIlperalllre 
2X 
27 ~------------~------~------~------~----~ 
2X 29 31 32 
.\ I' It'lIl l't.'ra 111 re 
hgurc ().2 Sl'atter diagram of air temperature and globe temperaturl' (indoor l:Ollditlon) 
\'aplHlr Pl'l'\Sun: 0\) data \\;IS deri\'ed from the Rh mea"Ul'l'I11Cllh. The mean 
\'apnur prl'S\Ure \\'as 11,,2 (l11illihar) during hot season and 14.6 ((nillihar \ during 
l'nol "C;lson. There I" not an\' difference het\\'eCIl traditional tWll"in~ and 
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contemporary hou ing in the both e on. apour pr ur in rh n 
had mean value hi gher than the hot ea on. 
6.5.3 Distribution of individual parameter 
Clothing value a phy ical data has a great effect n th rmal f t I . m r . t 1-
individual and ha a difference from one per on t anoth r. T Ie 
pre ented . ummary of clothing information during t e prim ntal \V rk . 
Table 6.6 Mean and standard di vination of clothing alu 
Y.R C.R T.R c.c T.e II.H n. n 
Mean clo. 0.66 0 .54 0 .57 1.39 1.61 O. 0 1.4 O. 
0 0.24 0 .15 0.16 0.30 0.35 0.1 0 .. 4 OA( 
Min. 0.37 0.37 0.37 0.90 0.90 " 7 O. 7 
Max. 1.92 0.84 1.1 3 2.00 2.19 I . . 1 2. 19 
M an I thing value of courtyard wa 0.66 while m an I thin va lu find r 
w'} about 0 .55. It eemed that the indoor and outd r nditi n, had an ff t 
n I thing. There wa no differ nee in clothino- alu n tr diti nul 
h using and ontemporary hou ing. On the oth r hand th am unt 
in all o- roup had been increa d in th cool ea on and th r a ':\ diff r n 
b tw n th m in a h group . It hould be noted that the I al int r I thin l ' 
pI who are Ii ing in the tradition I part f th it 
summ r thing i u ed by all people in Ilam. Diff r nc b n I 
I thin o- in ummel' and winter i an important pint e pill 10 a apt ti n 
b h'w i ur. In th a r g I thing v lu \ a 1.4 hi ' i. 
a hi h 111 an I thin f traditi nal thin na I . 
r I ampl th u ual m n H LW R an 
has a alu r f r \J m n 
;tlu In t h h t a ' n th a thin in , ulali n frail \\ ' 
\ hi h i, similar t th r \ rk i a II \V i I h t h am un t r ' I t h Ifl g 
va lue in an,.., r' s \ rl\ II 7 ). 
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A hown in Table 6.7 th e metaboli c rate varied b tw n 1\ 
relatively high tandard de iation . Minimum metaboli r t \\ 
hou ing during hot ea on and maximum of th at in 
\\ i rh 
it i n 
during thi ea on. It hould be noted th at orne m dium tivit , I \' I In 
hou e like carpet or clothe weaving and baking ar u u I in Il am. 
metabolic rate wi]] be higher than u ual metabolic rat in h u 
people in fl am had a imilar activity during both 
environmental condition did not have an influence on th a ti iti 
Table 6 .7 Mean and tandard deviation of metabolic rat 
Y.H C.H T.H c.e T.e II.H II. 
Mean met. 1.67 2 .04 1.27 1.44 1.61 I . -l 1.:1 
0 0.41 0.49 0.37 0.50 O. 0 O. _ . - I 
Min . 0.80 O. 0 0.80 0.80 O. 0 0 
Max . 2.00 2.40 1.90 1.90 1.90 I . 0 
6.5.4 Distribution of ensation vote and preferenc vote 
a re ~ ult 
v r' ll 
m lh 
II 
1. 0 
0. -2 
O. 0 
2AO 
en ation vot for b th ea n I h Ll r .) nd 
Tabl Th fir t and important point i th t r 
b th in indoor nditi n indi at d n ntr 
ri " b tw n Ii htl 001 and li ghtl arm . It i 
I th fair t mp ratur durin _ b th n Ll h f r lh 
ran f mf rtab l ndition. Iti al h n th at p pi n mf n' 
In III an n Ir nm ntal onditi n . H r th di tri Ll t i n f v te. 
liff r nt f r b th as n and Ll t 77 t In 
Ira it i n'll h uSln In a n utr nditi n LInn ..., h t :ea. n. whtl u t 
f : u bj I: In mp rar h L1 , In Lit ra I it i n. In h 
{ h r han i t his " i t u a lin \ '1.' t h r v r In a ' n. 1m t r 
t d n L1lral nuiti n \\'h 
f {raditi nal h lIsin.., 
urt l:tr I: \\ ·\S iU : l -+ 
hi s am unt urin ,... the h I a 11 r r U It.: 'l III 
b ut thre - q u art r: r urt\ ar I L1tle ' t \ I i h 
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central three categorie . The peak ote at neutr I. Th m n n 11 n \ l 
in courtyard i higher than in traditional hou ing while thi m unr i imil 
with contemporary hou ing in the hot e on. One r n m y th t th m 
air temperature in courtyard i higher than indoor f nt mp rary h u tn_ . 
A I , the mean indoor air temperature in tradition al h u in __ i I \\' r than 
c ntemporary hou ing, while on the other hand peopl v h li\ d in tr iti n 
hou ing had lightly cooler en ation than tho e in c nt 
during coo l ea on. Indoor air temperature of traditi nal h 
than indoor of contemporary hou ing (about 1.2 K . 
Table 6.8 M an and standard deviat ion f en ati n ot , 
Y.H C.H T.H T. II.H 
Mea n 0.82 0.71 0.24 0 -0.42 -
0.98 0.47 0.44 0.46 0.66 .74 
Min . - I - I 0 -2 -2 - 1 
Max . 2 2 1 1 
-
Th In 'i n S n arion te on th A HRAE al 
II . II 
0.34 
.5 0.7 
- -2 
3 
tn h t 
. Ii ht ly warm). In th cool a on thi ot wa -0. 0 r ' Ii ohtl I. 
R . p n . the M Intyre ale weI' 2 pI' ferrin " n hang' , 7 
r 'ln for warm r during th hot a on hil th 
tn.., 
r r 
s as ns f r arm rand chan \ a u 1 \ ith 
h t s a. n. r m b th rim ntal rk 2 pr rfln "n h' n 
arm r 
I' lati bi ntra t n th amp1 : In III III rar I h u Ill .... 
all I n'll h LL tn .... du rin th h t n. r th 
r nl m rar h u. tn II int 
til rra ti n \Va: in Ira iti nal . amp l ' hang" \\:1 til tll 
I r" fc r n 'l r -+ ~ in t h t 1"1 iii 11 a I h u: in .... \\' I,..' re 11 1\ 
the ' ntcllll rar h lIsin ... . 
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80 
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~ 
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Q) 40 0) 
co 
...... 
c: 30 Q) ~ 
Q) 
Q. 20 
10 
0 
-3 -2 -1 0 2 3 
ASHRAE sensation Sca le 
OH 01 S 90S on .Cool S 90S on OA II 
igu re 6.3 Hi togram of en ation ot in both 
Tabl 6.9 Tabu lation of thermal n ation ot in both nd II h U In ,.., 
, en. :lIi n Y.H .H T.H T. A II.H II. \/I 
scale 
old Number 0 0 0 0 0 0 0 
( -J ) Pcrcclll 0 0 0 0 0 0 0 
01 Number 0 0 0 2 13 0 I 1 
--) P 'rce lll 0 0 0 0.99: ( . 0 4% 1.3 J O 
, Ii . o I Number II I 0 I 44 1- 62 .J 
( - I I\:r enl .7 0.4~ 0 ('Z 27._% 15% I .4% 6.2 J( 
'ulr. I uml cr 1_0 7 _1- 177 103 399 ~ 0 6 9 
(0 ) P.:rcc nt 
-I . 5 ~ .- ~ 76 .. q.. 1.9% 6_. % 49 _ q. Ie.' .-
, II \Vunn umber 5 16 19 . 3_ .1 oJ . 
( I I l'rcc rll . _. 1 C"c 7 , _ .. 1 o/c . % I • C'!'. 0 _ 9 .• ( 
W trln urnl 'r . 0 I I 0 . 0 . . 
( - ) "l'rn'OI I ) I) (' 0.-1 0-1 r 0 0 () ~ 0 .J./ 
Ilnl 1ll11Ocr 
.0 0 0 0 .0 0 .0 
( I n ' I'111 ( , , 0 0 0 0 . 1 -, r 
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Th di tributi n of thermal preferenc 
h wn in Table 6.10 6.11 . 
ote In th h t n n 
Table 6.] 0 Tabulation of thermal preference ote 
Pre crence cale Y.H .H T.B 
ooler Number 21 I 221 I 0 
( - 1 ) Percent 71 .3% 93.2% 65.0% 2.0% 
o change umber 81 16 93 84 
0) Percent 27.4% 6.8% 34.0% 39.0171 
Warmer Number 4 0 3 1_7 
( 1 ) Percenl 1.4% 0% 1.0o/! 59.0% 
ab l 6. 1 1 M an and t'mdard d viat ion of pr f r n 
Y.n . n 
M 'an P3 -0.70 -0.9 
0 0.49 0.25 
Min . - I - I 
Mnx . I 0 
II : on t rnporar H u ing- H t ea on 
Til : Tr, liti na l H u ing- H t ea n 
II : ourt L rd ndi ti n- H t a on 
II : II . ubj ·t · durin o both a n 
T.n 
- .64 0.54 
0.5 1 0.56 
- I - I 
1 I 
I 
0 .. 'it 
16 
10.017( 
145 
9.5% 
T . 
O. 9 
O. 
- I 
I 
Th mam 1 int fr m thi part i that 0 r 90 of ubj t 
nlral thl" 'n b rt on al hil th 
t'tnl ratur p rtm ntal rk a 
r sp ns s n ith r Ir m id In n ati n 
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1I .H . II. 
61_ 
75~<:f I 
19 1 
_ •.• C( 
_6. ~ 
7 
- -
I. ore 7_C'!. 
II.H II. 
-0.7 0.7 
OA OAl 
- I - I 
I I 
01 ea on 
l ea n 
n 
. \11 
I 
: . . or. 
1 
.J.O (' 
_9 
2:.0 
A ll 
-0.2 
O. 2 
-1 
J 
\ r \ ithin th 
ind r aIr 
_.7 0 h r \ r n 
6.5.5 Di tribution of humidity vote and air mo m nt \' t 
Subject indicated their feeling in term of air mo\' m nt and humi i[) n 
three-category cale. Thi tudy u ed the three-poin t al thr 
categorie become difficult to recogni e. 
Humidity pattern are hown in Figure (6.4 . M r than f 
indicated their vote on the middle of categorie h U t ri", ht In h t 
ea n. In coo l ea on ubject vote were about 77 n hum id pi nt. h Y 
were becau e of difference amount of humjdit b t e n t\ n . . Ta I 
(6 .12) how more information about humidit ote . 
From Table (6. 13) and Figure (6.5 ) it e m mo t p pi 
c ndition in term of airflow during h t a on \ hi h 
\ r 111 \'j u, t ri ,., ht" · 
ut 7 Th 
subjective a e ment of the air mov m nt b ubj L \ a. till L ut 7 1 
during coo l ea on. 
ab l 6. 12 Tabu lat ion f humidity v t 
ale Y.H .H T.H T. II.H II. /I 
r umber 6 0 I I 0 6-i I 6-
( - I ) P r ' n( 2 1. ~ 0 0 .4~ 0 . 5 ~ 0 C'f -
JU Sl ri hl umb r 19 2 2 2 I 64 _I 6_ I 7 6 
( ) P rc n! 6 .~ 97 . 2~ 0 . 2~ 29 .6~ I ~ A 1'1" 22. 0/ 62 
I tumid umb r 5 5 54 151 141 9-i 29 3 6 
I P r n( II . ~ 2. 1 19. ~ 69 . 9~ 87~ 11 .6 (' 77 .2% 32.S 
M 'an -0.0 0.0_ 0.19 0.69 O. 7 O. O. 0 0.27 
Table t . 1_ Tabulati n f 'lir m m nt v 
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r air m v m nt in th b th .' <1 . n 
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Hunid 
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6.6 Relationship between mean of variables 
Figures (6.6), (6.7) and (6.8) show the scatter diagrams of air temperatures with 
sensation votes, preference votes and clothing value in five groups of responses 
during both seasons (such Figures are presented with all subjects' votes in 
Figures 6.9 and 6.10). 
Mean air temperature and mean sensation vote 
3. (\ 
n 
v' 2. 
n 
• v 
I- .. 
f--
• "" -
-=-
o t---. 
~ -1 .n. 
> 
n 
.v ·i ·2 
~ -3 .0 Rsq = 0.8413 
18 20 22 24 26 28 30 32 
Air temperature 
Figure 6.6 Relation between air temperature and sensation votes 
in both seasons and all groups 
Mean air temperature and preference 
1.0 
K ~ ~ ~ 0.0 
~ 
~ -1.0 
18 20 22 
Air temperature 
24 
""" ~ ~ ~ 
26 28 30 32 
Rsq = 0.9629 
Figure 6.7 Relation between air temperature and preference votes 
in both seasons and all groups 
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There is a high and positive relationship between air temperature and sensation 
votes, the higher the temperatures the wanner the sensation. Furthermore it is 
interesting that the range of the mean sensation votes are in the comfort range 
(slightly cool to slightly warm) while the mean air temperature varied from 
19°C to 32°C. Such a relationship also exists between air temperatures and 
preference votes but negative. As shown in Figure (6.7). most of the subjects 
wanted cooler or warmer conditions. 
2.2 
1.8 
1.4 
~ 1.0 
.g .6 
I .2 
Mean air temperature and mean clo. value 
K I'--.. 
-........... ~ 
r-.......... 
~ ~ • • . --......... 
18 20 22 24 26 28 30 32 
Mean air temperature 
Rsq = 0.9527 
Figure 6.8 Relation between air temperature and clo. value in 
both seasons and all groups 
Figure (6.8) shows the mean value of clothing insulation with mean alr 
temperature. There is a high and negative relationship between these variables. 
Lower temperatures are related to higher clothing insulation. 
6.7 Standard deviation 
The standard deviation of environmental variables allows comparison of several 
sets of data. with respect to their locations and their variability. According to 
this statements: 
1- Air temperatures in the courtyard conditions have a greater variability than 
the indoor conditions of traditional housing and contemporary housing in 
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hot season. On the other hand the sensation votes of subjects in counyards 
is greater than other places. It means people are more sensitive to air 
temperature. This suggests that adaptation to air temperature change is not 
complete. It is reasonable in courtyard as a unprivate place. 
2- Variability of air temperature in traditional housing was greater than 
contemporary housing in hot season and cool season 
3- Variability of vapour pressure in traditional housing was greater than 
contemporary housing, while variability of square roots of air velocity in 
both houses type were similar during hot and cool season. 
4- Standard deviation of sensation votes were 0.74 and 0.59 for hot and cool 
seasons respectively. The standard deviation gives the expression of 
uniformity between respondents (while in a longitudinal design, it gives the 
deviation of the consistency of individual respondents) [both from 
Humphreys; 1976]. Standard deviation in the present study is lower than 
Nicol's et al [1994] work in Pakistan. Clearly such a difference is because 
of the different types of field studies (transverse and longitudinal). 
5- Standard deviation of clothing value in both seasons was great. It seems 
people were using different clothing according to their needs. 
6.8 Correlation coefficient 
Correlation coefficient is a statistical technique used to explore the relationship 
between two variables. A correlation coefficient of (+ 1) or (-1) implies that all 
the points fall on a straight line; when it is equal to zero (0) they are scattered 
and give no evidence of a linear relationship. Any other value between (-1) and 
(+ 1) suggested the degree to which the points tend to be linearly related. The 
square of the correlation coefficient gives a measure of the proportion of the 
variation the value of variable which can be explained by the variation of the 
other [Nicol; 1994]. It is noticeable that the correlation coefficients in the 
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pre ent tud y ignify their tati ti call ignifi ant I\'I ) n 
. 1 n 
O. 01. 
Ba ed on icol' et al work [1994] in Paki tan. orr lati n h \ n 1\ I 
int three group Nicol had fi e group ). 
Correlation between the environmental variable Tab le .14 
The correlation of air temperature and apour pre ure \\' \' r I w unnC' 
the hot ea on except in contemporary hou ing. Bet e n 
correlation was relatively high in the cool e on . It i r 
the re latively hi gh ly humid, with warm rang fa ir 
lh 
r 
\5.5° -23°C) during cool sea on. Som co kin a in r m r k tt l f \ at r n 
h at r does have an effect on uch c rr lation in th 
T~b l 6. 14 rr lat ion c effici nt betw n n ironm ntal va ri a Ie 
Y.H C.H T.H T. 1l.H A ll. A. II 
T,,: P" .07 -0.21 0.06 O. 0.65 -0.1 O. I -0 . .12 
P= .2 1 .00 1 . 06 .000 .000 .0 .000 
T .• : "v 0.07 -0. 0._ 0.2 0.0 0.17 l. 1 0.70 
P= .249 .000 .000 .000 0.341 .00 .000 
P" : " -0.11 0. 11 0.55 0.0_ -0.1 -0. 1"+ O. -0.40 
1= .062 .08 .000 .804 .094 .0 .-+ 7 .0 
Ir it d e C IT late ith air t mp ratur x In 
tradili nal h u. III durinb h t n. It i int r tin h n th t I1l p ra tur . 
ar hi ~h st, th air m m nt hI' h r Th J'mp rt ant pin t i. that r ur b . 
u t r fi ar hi hI 
0,.,. '1llioll I ~ !l\ 't il , /I , ali n \' f " I ,.efer n \' t I 0/1 I Jlh ' I' \'arial , ' \' 
rr lati n ffi i nt r th n 'L ti n v l with rrcf ren ' -. \ ll: an the 
nvir 11m I1lal d 'lla ar . 1 
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Table 6.15 Correlation coefficient bet een en ati on vot . pr 
environmental variable 
Y." C.R T.R T. II.H 
: P3 -0.60 -0.41 -0.39 -0.40 -0.2 - .4 
p= .000 .000 .000 .000 .00 
:Ta 0.85 0.55 0.67 0.61 0.7 
p= .000 .000 .000 .000 .000 .0 0 
: Pa 0.10 0.01 0.19 0.44 0.57 -0.14 
p= .103 .825 .002 .000 .000 .0 a 
:~v -0. 10 -0.] 5 -0.31 0.17 0.22 .13 
p= 0.1 01 .002 .000 .0lD .004 .000 
The correlation between en ation and n 
ren e \' ( an 
II. 1I 
- 9 - 1 
-
.000 
O. ~ _ 
- ._1 
._- 0.-12 
.000 
I , r hti v I I hi h (,1 . 
mi ght b expected. The al II \ ith ;.,11 r 
t mp rature and in all pace wer ignifi ant. r , aI ,' 
ar rrelat d with vapour pr ur during 001 a .1 , it 
S m that th correlation of prefer nc with air temp ratur i ' hi h, ' imilar t 
s n s'~ li on v t s. Prefer nce n raJl y how Ii htl I r r1' Inti n ith air 
t mp ratur than d n ati n [Nicol ; \994] . 
Tabl 6.1 
I s 
P : T., 
1= 
p= 
rr lati n ffi 
Y.H .R T.H 
II : l nl l'llll nra ry II( u ~ in g- II I ~ " I!' n 
III TI ;\JIII n al lilll~lI1 g- II )1 CJ n 
YII (1 \1 rt \ ,mj )11 Itll )11 - 11 11 ",1 \ n 
\ 11 \I I 'lI l 1"( lUI In ' hOlh 'l',1 on' 
en n II' nmental riabl 
. Tralltllonal I lOll In\! '.1 ~ n 
,.\ 11.11 : \ 11 . ubJc ' ( - I ill( l',1 111 
All . ,\ 11 uhJC '( ttll ',Illl 
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The c rrelation coefficient between clothing in ul ti n n lr t m r' tur 
intere tjng. The higher negative correl ation bet en Ir t mp r fUr 
value during the coo l ea on how a er good relati n hip b (\\' n the t\\ 
variable. The wanner it i the Ie people ear. It an indi ti n that th 
ubject were using clothing a a way of adju ting to the th rrn 
c 01 ea on. Thi relation hip ha been found in oth r ur 
al [1994]. 
n\'lr nm nl In 
, u h I t 
The correlat ion coefficient between clothing and indoor air temp ratur \ r r = 
-0.23 for contemporary housing and r = -0 .19 for tradition al h u, ino durin~ h t 
'ea on. The reason for the low correlation i that th 
minimum a much a pos ible. In the ca e of th urt ard 
\ III \\ :1. a 
rr lati n IS 
p siti ve. In fact subjects in private indoor are f r er t u, an th rmal mf rt 
adaptiv behav iour , but because of cultural and r li gi n: attitud th 
c urtyard , as an open space would not all ow th , am ad 'lpti fr 
a ' fr edom of uitable clothing accordin g to n ironm nt nditi n. 
m, su h 
rr lati n 
efficient between clothing in ulat ion and air temp ratur i: tr n and hi hi 
igni f icant during cool sea on (-0.62). 
h IT lat ion of air temperature with m tab Ii rat lurin o th 
not ignifi cant e cept in th tnditi nal h u. In durin 
h t : a on, which i s th same a other tudie in th rm al m f rt abl . 17 . 
ab l .17. rr lati on ffi ient b tw 
Y.H .H 
III ' I : T .• 
p= 
II : ( 1l1cmrOI. r.' " LI . in g- " I . < . n 
II : faui li n:1 1 II ( LI:>II1' - He I ~', . n 
YII : )lIn ' . nJ III i l ion- lIe I ~c ~ 11 
All : II ~lIhJl.' 'b uliring h III i-C,lS n$ 
T.O 
12 
nair temperatur and indi idu 1 pammel [ ' 
T.e 
0.0_ 
OI1lCIllP rar> Il l)lI'llll.!- onl C,NlIl 
T : TradillOn. I H Oll IIlg - )1 l',1 on 
11. 11 : II . UDJC , (, - II )( 'l\l 011 
II. : II ,uhJc ' l\- 001 'l',1 H1 
The main points from this part are: 
1- The correlation between sensation votes and preference votes was relatively 
high. 
2- The sensation votes had a good and high significant correlation with air 
temperature, the preference vote also had a good and negative correlation 
with air temperature 
3- The correlation between clothing insulation and air temperature during cool 
season is high and negative. Surprisingly, high correlation between both air 
temperature and clothing value and as well between air temperature and 
sensation votes rarely occur in field studies. 
6.9 Neutral temperature and acceptable condition 
6.9.1 Regression analysis 
One recognised method to predict the subjective comfort which results from a 
given temperature, or combination of environmental variables, is regression 
analysis [Nicol; 1994]. The simple linear regression formulated by simple 
equation: 
Y=aX+b (6.2) 
where (in thermal comfort study): 
Y is thermal response 
X is air or globe temperature 
a is slope 
b is regression constant 
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For most purposes the neutral line (0) crosses the prediction line. a line is 
projected down to the temperature at which the line cuts the temperature axis. 
Nicol [1994] noted that the regression analysis can be affected by: 
1- The distribution often is not normal while regression analysis assumes 
normal distribution of the comfort vote 
2- Ignored is the effect of clothing changing or other kinds of adaptation 
3- Data with very small temperature variation is usually unpredictable as it 
shows a very weak relationship between temperature and comfort votes 
However simple linear regression was performed of the ASHRAE scale 
responses versus air temperature to determine the strength of the relationship 
between them. 
Table (6.18) shows the comfort equations in all groups during two seasons. As 
shown in Table (6.18) the slope of sensation responses in all groups is around 
0.24 1°C [between 0.21/°C and 0.25/°C in traditional housing during hot and 
cool season respectively]. Nicol [1993] reported that 0.25/°C is the most 
common regression slope in field surveys, Humphreys [1976] also found a slope 
of 0.22/°C from a world- wide field studies review. Such slopes are less steep 
than the slope of 0.33/°C by Fanger [1970] from his climate chamber 
experiments. According to Humphreys [1976] the lower values of the slope 
suggest the occurrence of adaptation of respondents to their thermal 
environments. Wynn [1994] suggested that in different environments the 
regression slope relating the reported thermal sensation to temperature will vary 
due to differences in expectations of that environment, thus different neutral 
temperatures will be produced. 
The neutral temperature during the hot season was 28.1 °C and during the cool 
season was 20.8°C. They are comparable with neutral temperatures from other 
field studies in tropical regions. Notably those of Webb [1959] with '!.7.2°C in 
Singapore~ Nicol [1974] with 32.5°C in Iraq (the mean outdoor temperature W~l'i 
about 6°C higher than outdoor temperature of present study): Nicol [I972J with 
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- 2S.2°C in winter from Paki tani ubject in fi ve diff r nt ili 
[1996] with approxi mately 28°C in Banglade h. 
\1 Ii k 
Tab le 6 .18 Data from imple regre sion for all group 
Groups Slope Intercept 
Y.H 0.24 -6. 62 
C.H 0.24 -6 .52 
T.H 0.2 1 -6.05 
C.C 0.23 -4.80 
T.C 0.25 -5.24 
AII.H 0.24 -6.63 
AII.C 0.25 -5.29 
H: ontemporary Housing- Hot ea on 
T il : Traditi onal Housing- Hot sea on 
YH : ourtyard ondition- Hot ea on 
A ll : A ll subjects during both sea ons 
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Figure 6.10 Scatter diagram of sensation votes with air temperature (cool season) 
The scatter diagrams and the regression lines of thermal sensation of all subjects 
during both seasons are presented in Figure (6.9) and Figure (6.10). High 
correlation coefficient between air temperature and sensation votes indicated a 
well fitting regression line between them. 
6.9.2 Acceptable conditions 
As an accepted method for predict boundaries of comfort conditions and 
according to ISO 7730- 1994, the range of PMV (predict mean votes) between 
[-1 to + 1] (of sensation votes on ASHRAE seven point scale) would result in 
75% of subjects feeling satisfaction with their thermal environment. For 
satisfaction of 90% of subjects the range of PMV would be between [-0.5 to 
+0.5]. In line with this acceptable method and shown in Figures (6.9) and 
(6.10), the neutral temperature and boundaries of acceptable conditions in both 
seasons are presented in Table (6.19). 
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Table 6.19 Neutral temperature and comfort zone during both seasons 
Neutral Rl Acceptable Acceptable 
temperature condition (75%) condition (90%) 
Hot season 28.1°C 0.64 23.8 - 32.3°C 25.9 - 30.2=C 
Cool season 20.8°C 0.57 16.8- 24.7°C 18.8 - 22.7=C 
The results of this study show that in the range of air temperature of 23.0- 30.0 
0C around 700/0 of subjects were in a neutral condition (sensation vote = 0) and 
all subjects were in comfortable condition [-1 to + 1] during hot season. Ninety-
six percents of subjects at the range of 17- 24°C also were in a comfortable 
condition during cool season. These results show that the proportion of subjects 
feeling comfortable within the range of [-1 to + 1] are higher than those 
predicted by the PMV model in ISO - 7730 (1994). ASHRAE standard 55 
defines an acceptable thermal environment as one that satisfies at least 80% of 
the occupants. In this study 80% of subjects were comfortable during hot 
season, when the upper limit of the comfort zone was 31.8°C. On the other 
hand thermal preference was for "no change" on the three-point McIntyre scale, 
thereby assuming satisfaction without any desire to "cooler" or "warmer". In 
this study a low proportion of the total sample had conditions within the 
satisfaction range and it is below the standard's 80% satisfaction criterion. 
Many researchers [McIntyre; 1980, Oseland; 1993, Nicol et al; 1994] believed 
that the centre of the ASHRAE scale and preference scale do not coincide. the 
peak preference for "no change" does not occur when the sensation vote IS 
neutral (S=O). 
6.9.3 Relationship between sensation votes and preference votes 
Cross- tabulation of thermal sensation and thermal preference scales by seasons 
are shown in Tables (6.20) and (6.21). Twenty seven percent of subjects in the 
cool season indicated "no change" while 960/0 voted within the central three 
categories on ASHRAE scale. This is to be expected since the survey wa\ 
conducted in the cool season and this tendency has been reported elsewhere c.g. 
Brager et al [1994]. Similarly. 230/0 of respondents in the hot season indicated 
"no change" while 91 go voted within the central three categories. However 
129 
such amounts for preference votes are a rather high figure compared with 96~ 
and 91 % comfort level indicated on the sensation scale. Clearly only one _ 
quarter of all subjects wanted "no change", so the preferred temperature during 
the hot season is lower than neutral temperature and during cool season is 
higher. K wok [1998] noted that standards based on the goal of neutrality may 
be inappropriate. Because many people in the tropics want to feel much cooler 
than neutral. The present study agrees with this idea. Furthermore and for a 
clear picture it seems the proportion of sensation votes against preference votes 
in specific range of air temperature should be determined. As shown in Tables 
(6.22) and (6.23), when the range of air temperature is low. the percentages of 
wanted to be warmer decreased in the cool season, while this is quite different 
during the hot season. In this study during the hot season 100% of subjects at 
28.0°C of air temperature indicated neutral condition. At a lower than this 
temperature (27.0°C) 97% indicated neutral and just 3% indicated slightly cool. 
In the upper (29.0°C) 82% of votes were neutral. However preference votes is 
quite interesting, at 28.0°C, 82% of responses indicated "no change" while just 
18% wanted cooler condition. For degree higher, 40% wanted "no change" and 
for one degree lower about 60% wanted "no change". One degree centigrade 
change in air temperature created a small difference in the percentage of people 
who wanted neutral (S=O) but there is a big difference between preference 
votes. It is because when some subjects indicated slightly cool (or slightly 
warm) on ASHRAE scale, it also seems a reasonable answer on the McIntyre 
scale is to be warmer (or cooler). So the proportion of respondents who indicate 
"no change" can not be used for acceptable condition in this study. Several 
works have found that preferred temperature is below the comfort temperature 
in hot conditions and above comfort temperature in the cold [Nicol et al; 1994]. 
Thus subjects are seeking a quite comfortable condition (neither warm nor cool) 
while something is optional for them. According to results of the Nicol and 
Raja study [1996] in a room that is generally cool the subjects show greater 
preference for being a bit warmer when they are cool. whereas those in a room 
which is generally warm room prefer to be a bit cool. This result agrees with 
results of this study. 
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Table 6.23 Percentage of preference votes in the different range 
of air temperature (cool season) 
No change To be warmer 
IS-24°C 30% (74%) 709c 
19-24°C 32% (73%) 68% 
20-24°C 38% (63%) 62% 
21-24°C 50% (36%) 50% 
22-24°C 75% (16%) 25£Jc 
Numbers In parentheses indicated percentage of neutral vote (S=O) on ASHRAE seven point scale 
6.10 Effect of humidity and air movement on thermal sensation 
The impact of humidity on human thermal balance and on comfort is complex. 
Humidity does not directly affect the heat balance and the sensory or 
physiological responses to the thermal environment, expect for the evaporation 
within the lungs and diffusion through the skin. The role of humidity is in its 
effect on the environmental potential for evaporation and the way by which the 
body adapts to changes in the evaporative potential. Very low humidity may 
cause irritation: the skin becomes too dry and cracks may appear in some 
membranes. At higher humidity levels its effect on human comfort and 
physiology is indirect, through its effect on the evaporative capacity of the air 
[Givoni; 1998]. 
ISO standard 7730 (ISO 1984) also shows a rather small impact of humidity on 
thermal comfort. 
In this study, three categories of relative humidity were selected. Relative 
humidity below 200/0, between 200/0 - 40% and between 40%- 600/0. In these 
ranges mean clothing value and mean square root of air velocities was 
calculated. 
As shown in Table (6.24) in each category mean clothing value and mean 
square root of air velocities is nearly the same, except for the clothing value in 
the first category (Rh<200/0). In addition, six bands of air temperature also were 
formed. From Table (6.24) and Figure (6.11), when relative humidity is going 
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to high mean sensation votes in each category of air temperature is close to 
neutral condition. This means that humidity has an effect on sensation votes at 
different temperatures, particularly in the range of 30.0- 4O.0°C of air 
temperature. It also seems that at higher air temperatures the effect of humidity 
on sensation votes is greater. 
On the other hand the effect of air movement is important. First. an acceptable 
air movement may be different in residential buildings and in office building. 
In naturally ventilated residential buildings the air movement limit can be based 
on its effect on comfort which depends on the temperature [Givoni: 1998]. 
ASHRAE standard 55 sets an upper limit of around 0.2 mls (assuming typical 
turbulence around 40%) for air velocities within the basic comfort zone to 
reduce the risk of discomfort from drafts. Higher air speeds are acceptable in an 
extended zone up to 0.8 mls if the person has individual control of the local air 
speed and "to increase temperature to 3°C above the comfort zone" [ASHRAE~ 
1992]. 
Table 6.24 Sensation votes in the three range of relative humidity at different range of 
air temperature 
RH% Clo value ..Jv Air temperature 
25-27 28-30 31-33 34-36 37-39 40-42 
RH <20% 0.65 0.40 - 0.26 0.96 2.42 2.23 2.62 
20%< RH <40% 0.56 0.34 -0.20 0.23 0.86 1.75 2.00 2.25 
40%< RH <60% 0.58 0.36 -0.17 0.19 0.69 1.51 1.93 -
Nicol [1972] in his analysis on Webb's data in Iraq and India noted that air 
movement reduced discomfort from heat at temperatures above 31°C; below 
this temperature there were few votes indicating heat discomfort. At 
temperatures exceeding 40°C discomfort from heat was experienced whatcver 
the air velocity. Similarly. and according to Givoni [1998], at temperature.., 
below 33°C. increasing air velocity reduces the heat sensation. At temperaturcs 
between 33°C and 37°C. air velocity does not affect significantly the thennal 
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sensation. At temperatures above about 37°C l'ncr:eased' I' air ve octty actually 
increases the thermal sensation of heat. 
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Figure 6.11 Sensation votes in the different categories of relative humidity and air 
temperature 
Table (6.25) and Figure (6.12) show the effect of air movement on sensation 
votes at different ranges of air temperatures in the present study. These results 
agree with results of Nicol's [1972] work. Air movement reduced discomfort 
from heat at temperatures above 31°C, although it seems that in the range of 
31.0-33°C the difference between sensation votes in the two categories is little, 
but it is noticeable that clothing insulation of subjects in low air velocity 
category (V(mls)< 0.25) was 0.53 clo while in another category it was 0.72 clo. 
About 0.2 clo difference between clothing value implies more difference 
between sensation votes. At temperatures below 37°C, increa~ed air velocity 
has a cooling effect on the thermal sensation and this is in agreement with 
Givoni's idea. Mallick [1996], in a thermal comfort study in Bangladesh, noted 
that the comfort temperatures of subjects increase with air movement of 0.3 mls. 
There is a rise in the lower and upper limits of comfort range by 2AoC and 
') ')oC . I 
.... _ respective y. 
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6.11 Effect of clo value on thermal sensation 
The clothing values in the cool season were higher than assumed in existing 
standards such as ISO [1994], whereas the values in the hot season were a little 
bit higher. Such differences can have an effect on the neutral temperature as a 
change of 0.5 clo is offset by 3.5-4.0°C. It has also been found that there were 
differences in clothing insulation of subjects who were in a courtyard as a open 
space and those indoors during the hot season. One question is. why do people 
not reduce their clothing in courtyards, while the mean sensation vote is about 
0.82. This is because the courtyard is an open space and women wear socks and 
a big scarf on their head and all subjects used shoes. In fact subjects are able to 
reduce clothing levels for better condition but their religion doesn't allow that. 
However a difference of 0.1 clo in clothing insulation and 1. 1°C in mean air 
temperature caused about 0.5 higher mean sensation votes in courtyard. 
The effect of clothing for indoor conditions during the cool season is interesting. 
Although in private indoors women are free of any problem for choosing their 
clothing, they still used scarfs all the time. Different clothing in terms of kind 
and material during different season, are a very good example of adaptation 
behaviour. 
6.12 Outdoor and indoor neutral temperature 
Around three hundreds of the subjects in traditional housing during the hot 
season were in courtyards. All courtyards were central and small in size and 
often 50cm deeper than ground floor (see Chapter Three). 
The mean air temperature of the courtyard was 31.7°C with a range of 25.4°C to 
44.3°C, while mean indoor temperature was 29.6°C. Mean sensation votes of 
subjects in courtyard was 0.82, which is 0.58 more than indoor condition. The 
mean clothing value for the courtyard was 0.66 while the mean clothing value 
for indoor was 0.57. 
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Linear regression of neutrality on temperature produced a neutral temperature of 
28.2°e in the courtyard and 28.5°e in indoor conditions. In the first place. it 
seems this discrepancy is more because of the amount of air movement in the 
courtyard, which was 0.2 mls while indoors it was about 0.1 mls. This air 
movement difference can be equivalent to a change of 1°C in neutral 
temperature. Some possible reasons for such a discrepancy can be: 
1- Subjects in private indoor conditions are freer to use any thermal comfort 
adaptive behaviour, but because of cultural and religious attitudes the 
courtyard, as an open space, would not allow the same adaptive freedom. 
2- The effect of comfort expectations is quite important and is rooted to 
psychological attitudes, which vary from one person to another. and from 
one place to another. 
In the second place the subjects in the courtyard had about O. I clo more than 
those indoors, which implies about 0.7 °C different in neutral temperature. The 
acceptable condition in the courtyard was between 23.9- 32.4°C while indoors 
acceptable condition was between 23.8- 33.2°C (both with about 9°C wide 
range). 
6.13 Thermal sensation in traditional and contemporary housing 
The mean indoor air temperatures for traditional housing is 29.6°C with a range 
of 26.7°e to 32.7°e while in contemporary housing it is 30.4°C with a range of 
28.0oe to 32.6°e during the hot season. In both types of housing the difference 
of air temperatures in terms of mean, ranges and standard deviation is little. 
On the other hand the mean of thermal sensation is 0.24 in traditional housing 
and is 0.71 in contemporary, a difference of about 0.5, while the mean of 
clothing insulation is the same at around 0.55 clo. From linear regression. 
neutral temperature in traditional housing is 28.5°C and in contemporary 
housing is 27.4°e. The slope of the regression line in traditional housing is less 
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than in contemporary housing (0.21 and 0.24). It means that the acceptable 
range in traditional housing is wider than contemporary housing (acceptable 
comfort range for traditional housing is 23.8-33.2°C and for contemporary 
housing is 23.2°C-31.6°C). However it seems that the adaptive behaviour in 
traditional housing is used more than in contemporary housing. 
Higher activity levels in contemporary housing than in the traditional housing 
could be a reason for such discrepancy of the neutral temperature between them. 
Similarly in the cool season the mean indoor air temperatures at the time of the 
questionnaires in the traditional housing and contemporary housing were 19.3°C 
and 20.SoC with a range of 15.4-22.5°C and 17.0-23.0°C respectively. 
The mean of sensation votes is neutral for contemporary housing and is slightly 
cool in traditional housing. Neutral temperature in both traditional and 
contemporary housing is around 21.0°C and an acceptable comfort range IS 
between 17.0°C - 2S.0°C. 
Correlation coefficients between air temperatures and clothing value is -0.62 
during cool season, which is high and negative. This coefficient is -0.70 in 
traditional housing and is -0.40 in contemporary housing. 
However, as expected the neutral temperatures and acceptable range of the two 
types of houses were not different because of the same culture, same life style 
and same environment. It means that neutral temperature will not vary within 
the same climate but the difference is because of some adaptation behaviour of 
subjects. 
6.14 EtTect of seasons 
The experimental results during both seasons could be easily compared. It is 
because the same area and same housing types were used. The main aim can be 
to get a clear annual picture of comfort condition. 
138 
The environmental data were varying from season to season. The difference 
between air temperatures ranges in the hot season and cool season is over 100C. 
while the indoor temperature range in both seasons was about 7°C. The amount 
of air movement also was different. Mean indoor air velocities in the hot season 
are higher than cool season, which were 0.14 mls and 0.03 m1s respectively. 
The mean sensation votes were slightly cool in the cool season and were slightly 
warm in the hot season. There was a bias on the cool side in the cool season 
and warm side in the warm season. This implies that there is less than full 
adaptation to the prevailing temperature at the hottest and coldest times of the 
year [Nicol and Roaf; 1996]. The difference between neutral temperatures in 
both seasons is about 7.5°C. Much of this change can be accounted for by 
changes in clothing between the two seasons (a change in clothing insulation of 
0.5 clo implies a change of neutral temperature 3.5-4.0°C [Nicol et al; 1994]). 
A difference of 0.8 clo caused about a 6°C change of neutral temperature. 
Humphreys [1994] and Nicol et al [1994] concluded that as much as one- half 
the seasonal changes in comfort temperature could be attributed to clothing 
flexibility. Remaining difference would be accounted for by the change in 
mean air velocity. According to Nicol et al [1994] other smaller effects such as 
changes in posture, activity and the way in which clothes are worn could 
account for the rest of the change. 
6.15 Effect of gender on thermal sensation 
Some researchers have believed that many factors, such as gender, age and body 
build, have an effect on neutral temperature. In this section the effect of gender 
on neutral temperatures is described. 
The results of some studies about the effect of gender on thermal sensation 
indicated that there was no difference between male and female thermal 
sensation. Some of them are: 
1- Hickish [1955] in the field study of thermal comfort in Southern England 
found no significant different in neutral temperature in male and female 
workers in light industry. 
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2- De Dear [1991] showed no significant difference between male and female 
in their preferred temperature. 
But some researchers have shown a difference: 
1- The results of Chung and Tong's [1990] experimental work in climatic 
chamber conditions showed female subjects preferred a slightly higher air 
temperature (by 1°C) and were more sensitive to temperature changes than 
male SUbjects. 
2- Ellis [1953] found a different of 1 °C among neutral temperatures for various 
groups of men and women. 
In the present study, the mean air temperature at the time of the questionnaires 
for males was 30.5°C and for females was 30.6°C which were similar during the 
hot season. The mean air temperature for females was 0.7°C higher than for 
males during the cool season (20.0°C and 19.3°C), but in terms of standard 
deviation both were the same during hot and cool seasons. Overall the two 
group's temperature were similar. 
The mean sensation votes in the hot season for the males was 0.56 while for 
female was 0.63. The amount in the cool season was about 0.20 for male and 
female. 
Table (6.26) shows more details. Results from this study show that the neutral 
temperature of female subjects was 28.2°C in the hot season and it was 20.8°C 
in the cool season. Similarly the neutral temperature of males was 28.1 °C and 
20.7°C for hot and cool season respectively. There was no difference between 
them. Clothing insulation can be taken into account. If it is, however, with 
other things being equal the neutral temperatures for men and women differ by 
about 0.5 °C. Humphreys [1976] suggested that if differences do exist between 
neutral temperature for men and women, they are very slight and probably less 
than 0.5°C. This is shown in this study. 
The standard deviation of female clothing shows more variability than male 
clothing during the hot season. It suggest that women are capable of closer 
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behavioural adaptation to thennal variations but th" . . 
, IS IS Vice versa dunng the 
cool season. 
Table 6.26 Male and female sensation votes and nutraIity 
Seasons Male Female 
Sensation Hot season Mean 0.56 0.63 
votes SD 0.71 0.74 
Cool season Mean 
-0.18 
-0.19 
SD 0.61 0.56 
Clo. value Hot season Mean 0.52 0.68 
SD 0.16 0.20 
Cool season Mean 1.45 1.52 
SD 0.36 0.30 
Metabolic Hot season Mean 1.61 1.68 
rates SD 0.51 0.53 
Cool season Mean 1.5 1.53 
SD 0.52 0.49 
Mean air Hot season Mean 30.5 30.6 
temperature SD 2.68 2.3 
Cool season Mean 19.3 20.0 
SD 1.78 1.69 
Neutral Hot season 28.1 28.2 
Cool season 20.7 20.8 
Equation Hot season = 0.23T. - 6.29 = 0.25 T. - 7.15 
Cool season = 0.26 T. - 5.38 = 0.25 T. - 5.17 
6.16 Conclusion 
1- The surveys were done in both traditional and contemporary housing during 
two seasons (hot and cool) in the city of Ilam with about 1200 sets of data. 
One quarter of samples came from courtyards which were obtained just in 
the hot period. 
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2- Air temperature, relative humidity, air velocity, clothing insulation and 
metabolic rates were recorded at the time of questionnaires 
3- The pattern of sensation votes showed that more than 90 percent of voters 
indicated one of three central categories on the seven point ASHRAE scale. 
4- Mean clothing value was 0.60 during hot season and was 1.49 during cool 
season. Mean clothing value of courtyard subjects was 0.1 clo. higher than 
those indoors. This study also showed a high relationship (but negative) 
between clothing insulation and air temperature during the cool season. As 
an important point the present study well shows that lower temperatures are 
related to higher clothing insulation 
5- The environmental conditions did not have an influence on the activities 
6- The mean sensation votes were 0.59 in the hot season and -0.20 in the cool 
season. The neutral temperature was 2S.1°C with acceptability limits of 
24.0°C to 31.SoC (SO% satisfied) and a regression slope of 0.24 for hot 
period and it was 20.SoC with acceptability limits of 17.2°C to 24.2°C (SO% 
satisfied) and a regression slope of 0.25 during cool period 
7 - The neutral temperature was lower in the contemporary housing as 
compared to the traditional housing during the hot season. Higher activity 
levels in the contemporary housing could be a reason for such discrepancy 
S- In both seasons there was a little difference in neutral temperature between 
males subjects and females subjects (about 0.5°C) 
9- The seasonal changes in neutral temperature could be attributed to clothing 
flexibility and change in mean air velocity 
10- A difference about 0.5°C between neutral temperature of indoor subjects 
and courtyard subjects exists. 
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Chapter Seven 
Two further thermal 
comfort surveys in Ilam 
1·l3 
7.1 Introduction 
Two other thermal comfort surveys performed in Ham are presented in this 
chapter. The first was in July and August 1998 and second one was in July 
1999, both during the hot season. The major thermal comfort survey was 
described in Chapter six. It was possible to perform two smaller studies on 
specific issues- namely thermal comfort in housing for the poor and adaptive 
behaviour in a courtyard house. For the researcher it was important to see why 
results of three point scale of preference votes were unreliable in the previous 
study (Chapter Six), so one of the reasons for such study was to test a five point 
preference scale. Is there any difference in terms of results between them? 
The chapter is divided into two separate sections. In the first section the results 
of a thermal comfort field survey in a small part of the city of nam are 
discussed. A total of two hundred low income people in the low cost housing 
completed questionnaires. Air temperatures, humidity and air velocity were 
measured. At the same time clothing insulation was estimated. The results of 
this section will be used to check another study in the previous year (Chapter 
Six- the results of hot season) and are presented in the next Chapter. 
Section two reports on a short-term study of thermal comfort in a traditional 
house. Obviously traditional housing types have evolved to try and help people 
to adapt to a state of thermal comfort under adverse conditions. There are 
several thermal comfort adaptive actions and one is moving to a different 
thermal environment. This section shows how people adapted themselves 
thermally to achieve comfort in a typical courtyard house. This special 
reference to the adaptive model is presented. 
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7.2 Low income subjects in the Dam survey 
This field study was conducted in a village suburb of Dam. This part consists of 
about 75 houses with more than 500 people. Some of the men are quarrymen 
and others are farmers. Both types of work are hard and heavy especially 
during summer. Nearly all women are housewives except some who make local 
handcrafts. 
The men's daily programme normally is: At 5.00 a.m. they wake up for prayer 
and breakfast, then they start their work from 6.00 until 11.00 in the morning 
time. At 11.00 they come back for lunch and then they leave their houses for 
afternoon work at 14.00. Finish time of work is about 17.00. They go to bed at 
22.00 every summer day. During the day the women are in the home. 
Their homes are essentially based on earth, stone and occasionally sun-baked 
mud bricks. In a popular construction, the walls are made of stone, the roofs of 
wood beams covered with reeds, bushes, perches (young tree- trunks) and layers 
of earth. The lines are generally simple and never result from elaborate 
arrangements or technical feats. The geometry is generally simple, strong and 
based on the square and the rectangle. They show a remarkable understanding 
of their environment (Figure 7.1 ). 
In 1991 the Iranian government built 50 houses (Figure 7.2) for these people. 
After about one year many of them left their new houses and they came back to 
their old housing [Ghasemi; 1996]. 
lh th 9 . f The survey was carried out from 25 July to 5 August 199 , at two tImes 0 
each day. The first time was between 12.00 and 14.00 and the second time was 
between 17.30 and 20.00. The total number of subjects was 213 but 191 
questionnaries were completed successfully. Sixty one per cent of subjects 
were male and 39% were female. The subjects' mean age was 35 years. 
Methodology and measurement of variables were the same as in previous 
surveys, which are presented in Chapter six. although there is a small difference. 
In particular. this study used a five- point scale for preference (much cooler. a 
bit cooler. no change. a bit warmer. much warmer). Changing the preference 
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of 30%-70% suggested by ISO 7730 (1994) while the range of relative humidity 
for the first part of the day was between 20% to 40%. 
The mean air velocity during the time of the questionnaires was about 0.1 mis, 
with a range of 0.01 to 0.25 mls. 
Against such climatic data, subjects' mean sensation votes was 0.23 or slightly 
warm. Almost 63% of the votes were cast in the zero category of the ASHRAE 
scale while more than 92% voted in the central three categories. The rest of 
them indicated warm condition (+2). 
Responses to the preference scale were 32% preferring "no change", 54% 
wanted "a bit cooler" and 8% of subjects wanted "a bit warmer". About 6% 
wanted "much cooler" condition. Taking votes of (a bit cooler, no change, a bit 
warmer) as corresponding to the comfort zone revealed that 94% of the votes 
cast wanted "no change" which is in keeping with the voting patterns in the 
comfort scale. The mean preference vote also was (-0.58). Figure (7.3) shows 
the distribution of sensation votes and preference votes. 
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Figure 7.3 Distribution of sensation votes and preference votes 
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The average clothing value was 0.55. Clothing value for the first time of the 
survey (12.00-14.00, warmer condition) was 0.51 while for second time ( 17.30-
20.00) it wa..~ 0.59, which indicated that the warmer condition the less the 
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clothing insulation. A summary of thermal responses and clothing insulation 
are presented in Table (7.2). 
Table 7.2 Summary of thermal responses and clothing insulation 
Mean S.D. Minimum Maximum 
Sensation votes 0.23 0.72 -1 ., 
-
Prefer. votes -0.58 0.73 -2 1 
Clothing insulation 0.55 0.1 0.41 0.84 
7.2.2 Relationship between the means 
Thermal responses were examined in relationship to the air temperatures. For 
each degree of air temperature, mean sensation votes and mean preference votes 
were calculated. Figures (7.4 and 7.5) shows the scatter diagrams of them. 
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Figure 7.4 Scatter diagram of air temperatures and sensation votes 
The symmetrical pattern of preference votes and sensation votes is interesting. 
The variation of preference votes with air temperature is in the opposite 
direction. Overall, there is a good relationship between the mean thermal 
responses and the mean air temperatures. 
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Table (7.3) and Figure (7.6) shows the relationship between sensation votes and 
preference votes. There is a the negative and quite strong relationship. 
Table 7.3 Relationship between sensation votes and preference votes 
Sensation votes ---+ 
Preference votes J, -3 -2 -1 0 1 2 3 
-2 - - - 0.5% 1.5% 4% -
-I - - - 32.5% 19% 2% -
0 - - 6% 27% - - -
1 
- - 5% 2.5% - - -
2 - - - - - - -
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7.2.3 Correlation coefficients 
The correlation coefficient between air temperature and air velocity is small and 
it shows no significant relationship. A similar result is reported elsewhere, such 
as Nicol et al [1994] in Pakistan. Between air temperature and relative 
humidity there is a significant but negative correlation, which is (-0.59). This 
means that when air temperature was increasing the relative humidity is 
decreasing. 
As might be expected there is a rather high correlation between the sensation 
votes and preference votes. In fact the subjects would like to be cooler (or 
warmer) when they feel warm (or cool). The correlation between sensation 
votes and air temperatures is also relatively high. Such correlation between 
preference votes and air temperatures is significantly high. 
Clothing insulation does not seem to be well correlated with air temperature. 
This is because of the minimum amount of clothing which subjects wore. 
The correlation coefficient between variables is shown in Table (7.4). 
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Table 7.4 Correlation coefficient between variables 
Air Sensation Preference I C10tlring 
I 
temperature votes l·(}te~ I 
Air temperature 1.00 0.79 -0.80 I -() ():" 
--, 
Sensation votes 0.79 1.00 -O.hS -() ()~ 
Preference votes -0.80 -0.68 1.00 I 0.0(1 
Clothing -0.05 -0.03 O.Oh 1.00 1 
7.2.4 Calculating the neutral temperature 
Figure (7.7) shows the scatter diagram and regression lines of thermal sensation 
on air temperatures. The slope of sensation line is 0.2.+1 ('. which i" the same 
slope as the other surveys in Ilam. The sensation lines gi \'e the intercept of (-
') 
6.45) and R- of (0.61). 
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Such klw\\'kdgc l'an he used to e"timated thl' neutral temperaturL'. rhe nelltral 
templ'I;Iture j" 27.2 (' and the acceptahle limits arL' hetween 2-'.1 'C and -~ 1.~ ('. 
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Similarly the preferred temperature is 2).8~·C at range of 21.s=C to :l).9'C. the 
slope of preference line is -O.2SrC. Figure (7.8) "hm\" the "catter (klgram \1f 
preference votes and air temperature. 
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FigurL' 7.8 ScatlL'r diagram of air temperature and preference \ulL'" 
7.2.5 Thermal acceptabilit~, 
:\" mentioned. the :\SHRAE comfort standard specifiL'" the L'll\ironmental 
conditions l1eCl'SSarv for neutral thermal sensation and also ~I\L'" a f(lI1~L' of 
- ~ ~ 
parall1l'ter values that are expected to provide an environment that i" lhermall: 
al'ceptahk tn at least ~()(; of occupants. The traditl\)nal and I1lP"t L'ornmonh 
u"ed method is an indirect ml'aSllre that equates "ati"faction with the central 
three cate~ories of the Sl'\l'I1- point thermal sensation "l'ak. \1\1Il' than l){ll I pI 
Pl'l'upants were ,,;Itlsfied \\ith their thermal conditions in the pre"L'llt "tud~. 
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"no change" it means this condition is an acceptable condition. There is some 
doubt about this due to the number of points on the McIntyre scale. Here this 
point is explained from the findings of the two studies of this thesis during two 
hot periods in Ilam. 
In the first study the 3-point McIntyre scale (cooler, no change, warmer) was 
used. The results are: 
1- At a range of air temperatures of 25.0°C to 32.7°C, more than 90% of 
subjects were in the comfortable condition (three central point of ASHRAE 
scale) 
2- responses to the McIntyre scale were just 23% preferring "no change" 
(More details of this work is presented in Chapter six) 
Surprisingly, this is a rather high figure compared with 90% comfort level 
indicated on sensation scale. Clearly the preferred temperature is much lower 
than the neutral temperature. 
It is maybe because when some of subjects indicated slightly cool (or slightly 
warm) on the ASHRAE scale, it seems that a reasonable answer on the 
McIntyre scale is warmer (or cooler). Because subjects are seeking a 
comfortable condition while something is optional for them. In the other study 
which is the subject of this present section, the 5-point scale (much cooler, a bit 
cooler, no change, a bit warmer, much warmer) is used. The results are: 
1- For a range of air temperatures of 23.2°C to 32.4°C more than 90% of 
subjects were in a comfortable condition 
2- Responses to 5-point scale were 32% preferring "no change" or a little bit 
change 
3- Taking the three middle preference points as the comfortable condition 
revealed that 920/0 of the voters wanted "no change" 
The preferred temperature is slightly lower than the neutral temperature and this 
is reasonable. On the other hand. four subjects indicated "warm" in their 
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sensation (5=2), while they wanted "a bit cooler" in preference scale and this is 
usual. Three subjects wanted "cooler" condition in preference scale while 
indicated slightly warm in sensation votes. Others who were voting outside the 
central three scales are the same people in both cases. From 62% of neutral 
votes (5=0) 26% wanted "no change", 31 % wanted "a little bit cooler" and 2% 
wanted "a little bit warmer". About 20% who voted slightly warm on ASHRAE 
scale, wanted "a bit cooler" on preference scale and all who voted "slightly 
cool" wanted "a bit cooler" on preference scale. According to the above and 
taking votes of three central points preference scale as corresponding to the 
acceptable zone revealed that more than 90% of the votes cast wanted little "no 
change" which is in keeping with the voting patterns in the sensation scale. 
This showed that about all subjects had a comfort condition. 
However such acceptable conditions (from both sensation and preference 
scales) in the range of air temperature between 23.0°C to 32.0°C more than 90% 
of subjects which is exceeding the standard's 80% indicated wide range of 
comfort condition without any problems. Which standard can apply to this fact? 
Are the standards correctly updated? Are the standards applicable universally 
or do individual factors and cultural differences influence comfort 
requirements? (Parsons; 1995). 
7.3 A short term study of thermal comfort adaptive behaviour 
A basic aim of low energy architecture is to create a thermally comfortable 
internal environment for building occupants whilst consuming the least possible 
amount of energy. In hot countries this aim is more difficult to achive since 
high ambient air temperatures create a barrier to comfort. Traditional housing 
types of these countries. such as courtyard housing, have evolved to try and help 
people to adapt to a state of thermal comfort under these adverse conditions. 
This study has identified several thermal comfort adaptive actions that a person 
might take to achieve comfort. One of these actions is moving to a different 
thermal environment from the one causing the discomfort. The present section 
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examined how people adapted themselves thennally to achieve comfon in a 
typical Iranian courtyard house moved between different spaces in the house 
during the day to try and obtain thennal comfon. 
For the family living in the hot dry zone of Iran through the summer months 
without mechanical ventilation or in winter without heating, the year may be 
passed comfortably in a gentle migration around the house. With the traditional 
arrangement of rooms around a courtyard a major migration is effected every 
year. In December or January occupants migrate to the winter rooms on the 
south-facing wall of the house and in June/ July or August to the north-facing 
rooms on the courtyard. 
A survey was conducted during the hot season (J uly/ August. 1998) ina 
courtyard house in the city of Dam. The house was selected at random from 
more than twenty in the area. 
Figure (7.9) shows the plan and section of this house and introduces the 
different spaces. A sample of six subjects, four male and two female, 
completed questionnaires for seven days for every hour of the day when they 
were in the house and wake. A summary of subjects' information is presented 
in Table (7.5). 
Table 7.5. Summary of personal information 
Code Gender Weight (kg) Height (m) Age (year) Job 
Sl M 58 172 65 Retired 
S2 F 55 159 57 Housewife 
S3 M 79 180 41 Shopkeeper 
S4 F 67 165 35 Teacher 
S5 M 54 167 16 Student 
S6 M 46 154 14 Student 
Mean 60 166 38 --
The questionnaires requested information on thermal sensation (ASHRAE seven 
point scale), clothing, activity level and location of person in the house. 
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small open kitchen were together) and basement. Air temperatures were 
measured in each of these spaces for the duration of the survey. Some 467 data 
sets were obtained during the one-week longitudinal sampling survey. Means 
and numbers of questionnaires, which were filled by each subject. are shown in 
Table (7.6). Table (7.7) shows the number of questionnaires against each hour. 
Table 7.6 Number and mean of observations by each subject 
Subjects 81 82 83 S4 85 86 
No of observation 101 104 71 94 54 43 
Mean (each day) 14 15 10 13 8 6 
Table 7.7- Number of observations in each hour 
Time No Time No Time No Time No 
7.00 28 11.00 18 15.00 38 19.00 31 
8.00 27 12.00 31 16.00 33 20.00 33 
9.00 39 13.00 31 17.00 21 21.00 35 
10.00 19 14.00 30 18.00 25 22.00 28 
7.3.1 Individual and environmental data 
Mean clothing insulation was 0.48 c1o, which is lower than the amount of 
clothing in the other field surveys in flam. This is because clothing values were 
recorded in the whole of the day and also the week. Clothing insulation of men 
(0.46 c1o) was lower than women (0.58 c1o) which is reasonable according to 
the subject's religion. The interesting point is that clothing value in two 
categories of time were different. Clothing insulation for the heat of the day 
(10.00-17.00) and other times of day (7.00-9.00 and 18.00-22.(0) were 0.42 c10 
and 0.52 c10 respectively. Table (7.8) indicates the difference between clothing 
value of subjects during these separate times. 
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The average metabolic rate is 1.2 met. The observations in all surveys in Dam 
suggested that the environmental conditions did not have an influence on the 
activities of the subjects. 
Table 7.8 Different clothing insulation in two categories of day 
Subjects SI S2 S3 S4 S5 S6 All 
Clothing value (10.00-18.00) 0.45 0.58 0.39 0.51 0.36 0.40 0.42 
Clothing value (other times) 0.55 0.66 0.49 0.57 0.43 0.43 0.52 
During the survey air temperatures were recorded and calculated for two 
conditions; air temperature measured at the time of the questionnaires and air 
temperature measured between 7.00- 22.00, which is the active period. Table 
(7.9) shows air temperatures in different spaces in the two categories. 
Air temperatures were a maximum in the courtyard and a minimum an the 
basement. The basement had low mean air temperatures and the room had high 
temperatures. 
Throughout the period of the survey (one week) outdoor temperature was 
obtained from the meteorological office of Ham with the mean of 28.5°C. 
Table 7.9 Air temperature in different spaces 
Courtyard Ayvan RoomlKitchen Basement 
T" T,'I To T,/C To Ta .. TiJ T« 
Mea" 28.2 29.8 28.3 29.7 29.6 29.9 2X.7 26.8 
Max. 31.4 34.4 31.3 34.0 32.5 32.5 29.3 29.3 
Min. 24.1 24.1 24.5 24.5 25.3 25.3 26.2 22A 
T,,- measured air temperature at time of questionnaires 
T.,c- measured air temperature in active period 
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7.3.2 Sensation votes 
Figure (7.10) show the mean thennal sensation of each subject during a week 
for each hour. Responses vary over three central points of the seven-point scale. 
The mean sensation votes of each subject are presented in Table (7.10). 
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Figure 7.10 Sensation votes of subjects during a week (time of day) 
Table 7.10 Mean sensation votes of each subject during survey 
Subjects SI S2 S3 S4 S5 S6 All 
Mean sensation votes during week 0.42 0.52 0.25 0.25 0.57 0.52 0.39 
All subjects were in a slightly warm condition while subject (5) had higher 
sensation votes than the others. Mean sensation votes in each space during use 
by occupants was calculated as shown in Table (7.11). 
Table 7.11 Mean sensation votes of each space during survey 
Spaces Courtyard Ayvan RoomIK. Basement 
Mean unsation votes 0.51 0.29 0.38 0.76 
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Table (7.11) shows that the basement had a high sensation value (0.76) while 
the Ayvan had a low value (0.29). It is maybe because of high outdoor 
temperatures during using of basement which was the hot time of the day or 
may be because of subject's expectation during the hot time. 
Mean sensation votes were also calculated according to the different times of 
each day. People were warmer at 14.00 and had slightly cool condition at 7.00. 
Obviously in the hot time of the day people are warmer than cool time. Table 
(7.12) shows such values. 
Table 7.12 Sensation votes in different time of day 
Time Sens. V. Time Sens. V. Time Sens. V. Time Sens. V. 
7.00 -0.82 11.00 0.34 15.00 0.65 19.00 0.85 
8.00 -0.32 12.00 0.29 16.00 0.65 20.00 0.60 
9.00 -0.05 13.00 0.63 17.00 0.65 21.00 0.29 
10.00 0.16 14.00 0.91 18.00 0.76 22.00 0.06 
7.3.3 Correlation coefficient 
The correlation coefficient between sensation votes and air temperature was , 
high and positive, (0.87). The correlation between air temperature and clothing 
values was significant and negative which is (-0.24). This implies people used 
change of clothing as a kind of adaptive behaviour to achieve thermal comfort 
conditions. 
7.3.4 Relationship between air temperatures and sensation votes 
Figure (7. 1 1) shows the scatter diagram of mean sensation votes and au 
temperature. The variations of mean sensation votes with air temperature show 
a positive relationship. The range of air temperatures between 24.0°C to 31.0°C 
was against a very narrow range of sensation votes (-I to I). 
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Figure 7.11 Scatter diagram of mean sensation votes and air temperature 
7.3.5 Neutral temperature 
As with previous calculations of neutral temperature In this thesis, a simple 
linear regression analysis is used with two important points: thermal sensation 
votes as dependent variable and air temperature as independent variables. 
Figure (7.12) show the scatter diagram of sensation votes and air temperature. 
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Figure 7.1:! Scatter diagram of mean sensation votes of each subjects hourly and air 
temperature 
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l·i1!llrl· 7.13 Scatter diagram of air temperatures with all subjects' sensation votes 
I'i!-'urc (7.13) show the scatter diagrams of air temperatures and sensation votcs 
with all suhjccts' votes during a week. The neutral temperature was 27.3 °C 
with equations' slope of O.23;oC. 
7 .. l6 The nlain finding 
lIumphrcys and Nicol [1998] noted that one of a person's reactions to heat IS 
1l10\'illg from onc placc to another. 
The author docs not need to explain or prove this point to him, because it \vas 
;\L'ilic\l'd and pn)\'cd for himself from his direct experiences, During the hot 
\l';\\On hreakfast was in the A \,van, lunch \vas in the main room and dinner was 
in the Courtyard. The placc of night time sleeping \\'as the roof or courtyard 
and the placl' of noontime sleeping was in the basement. In l'ool condition" 
l'\ cry thing \\;\\ going to change. All in order to achiC\'c thermal comfort 
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One of the questions for the subjects was about their location in the house. It 
had been explained to them this meant that they should be in there for at least 15 
minutes. 
From this question calculating the mean percentage of use of each spaces hourly 
during a week (fj) was possible as shown in Table (7.13). 
Table 7.13 Percentage use of each space during a week 
Time*~ 7&8 9&10 11&12 13&14 15&16 17&18 19&20 21&22 All 
SpaceJ 
Courtyard 4% 6% 2% 0% 0% 12% 7% 7% 5% 
Ayvan 30% 39% 47% 0% 0% 20% 85% 62% 35% 
RoomlK 35% 35% 32% 65% 20% 20% 217(' 5% 27% 
Basement 0% 7% 6% 18% 65% 35% 0% 0% 16% 
Other 31% 13% 13% 17% 15% 13% 6% 26% 17% 
·Used for a couple of hours is more reasonable 
People mainly used the Ayvan as a semi open space and they spent just 5% of 
their time in courtyard. 
Another step was calculating the mean air temperature for each space during the 
fixed time in the space. It is shown in Table (7.14). 
Table 7.14 Mean air temperature for each space during use by subjects 
Time~ 7&8 9&10 11&12 13&14 15&16 17&18 19&20 21&22 
SpaceJ 
Courtyard 24.7 27.6 30.8 33.3 34.3 32.2 28.6 26.6 
Ayvan 25.1 27.1 29.3 32.2 33.8 32.0 29.8 27.9 
RoomlK 25.7 27.9 29.4 31.3 32.1 32.3 31.2 28.9 
Basement 23.1 25.6 27.0 27.9 28.9 29.1 27.8 25.1 
For a clear picture. weighted mean air temperature depending on hour of use 
was calculated by the following equation: 
M* = Iif, . 1';) / If, (7.1 ) 
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M* is weighted mean air temperature 
f; is percentage of use 
T; is mean air temperature 
Tables (7.15 and 7.16) shows the results of this equation. 
Table 7.15 Calculating of (fj . Tj) 
Time-+ 7&8 9&10 11&12 13&14 15&16 17&18 19&20 21&22 
SpaceJ 
Courtyard 99 165 61 0 0 386 200 186 
Ayvan 753 1057 1377 0 0 640 2533 1729 
RoomlK 899 976 940 2034 642 646 62 144 
Basement 0 179 162 502 1878 1018 0 0 
Table 7.16 Amount of M* in the fixed time 
Time-+ 7&8 9&10 11&12 13&14 15&16 17&18 19&20 21&22 
I(fl • Ti) 1751 2377 2540 2536 2520 2690 2795 2059 
Ifi 69 87 87 83 85 87 94 74 
M* 25.4 27.3 29.2 30.5 29.6 30.9 29.7 27.8 
M* shows the air temperature which subjects were exposed to. Figure (7.14) 
shows the amount of M* for comparison with higher and lower air temperature 
of spaces. This figure shows people were using places where the air 
temperature for them was within the comfort zone. 
Figure (7.15) also shows a similar pattern. The percentage use of different 
spaces according to their air temperature is shown in each column of Figure 
(7.15). 
One of the interesting points that can be obtained from Table (7.9) supports this 
claim. Air temperatures at the time of the questionnaires indicated the air 
temperatures which subjects were exposed to. In all spaces the range of air 
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temperatu re t the time of the que tionnaire ere ithin th om ort n iti n. 
19ur 7.1 6) how in other form T ab le 7.9 and b tter pi in thi f t. 
a fun ti n fair Figure 7.16 how percentage of u in g of each pace i 
temperature. 
36 
34 
32 
Q) 
.... 
::J 
-nl 
.... 
Q) 28 a. 
E 
Q) 26 
-.... 
oct 24 
22 
20 
7,8 9,10 11,12 13 ,14 15,16 17,18 19,20 21 ,22 
Time 
--e- Higher air 
temperature of 
spaces 
~Lower air 
tem perature of 
spaces 
I cyur 7.14 ompart on between M* with higher and 1 w r air r mp rarur f pac ~ 
Time4 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
34-35 °C 
33-34°C 0 0 0 
32-33°C 0 0 0 
31-32°C 0 0 63 24 24 25 22 6 
30-31 °C 94 67 0 
29-30°C 4 99 75 89 6 
28-29°C 84 37 76 76 11 5 90 
27-28°C 22 82 6 0 10 71 7 
26-27°C 78 18 12 1 0 17 93 
25-26°C 93 6 0 
24-25°C 94 7 0 
23-24°C 6 0 0 
22-23°C 
21-22°C 0 
I~ i r,ur 7. 1. P r nl a f u. in c:- a rdin o- t air t mp ratur 
In " 1 ur 7. IS th sha d b indi at d th mp ratur r \ hi h 
ul t l u Th i ur in a h . ha d nl th 
r us . 
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rrelation between aIr temperature and percentage 
imp rtant. When the air temperature of a pace i b 
u In,..., p 
.0° th rr I ti n 
c efficient i hi gh and po iti ve. It mean hen ir t mp ratur n ar 
c mfort temperature the percentage u e of pace V\ h n Ir 
l mperature of pace within the comfort zone there i no i nifi nl 
c rrelation. Finall y when air temperature i more th an 30.0° OIT lati n i 
hi gh but negative. It means that when ai r temperature i go in g hi gh r than th 
upper li mits of the comfort zone, u e of uch space wa~ go in g t d cr a 
Table (7.1 6) hows correlation coefficient between air temperatur f pa 
and percentage of u ing of spaces. 
Air tem. (0 ) 2J 22 23 24 25 \26 \27 \28 \29 30 \31 32 33 3-1 35 
oartyard * 
** 
Ayvan * * 
** * 
RoomlK. * * 
** ** 
Basement I * * 
** * 
1 i ur ' 7.15 Rang of air temperature during u ing of pa e ' by ccupant * and 
durin lT whol f th day (**) 
Ibn" of :lir I ' rnpCr:l lllr ' 01 lim ' f qlles li onnJire [*] 
I :1ngc of air I 'mpanlllr ' in Ih ~ n ' li e period (7 .00 - __ . 0) [**] 
ab l 7. 16 rr lati n 0 ffi i nt b tw en air temp ratur 
orrelation coeffici nt 
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Thus subjects sought out more thennally comfortable spaces in the house and 
one of the main fonns of adaptation was movement from one place to another. 
7.4 Conclusion 
Two studies of thennal comfort in Iranian courtyard housing have been carried 
out in the hot season. Two basic types of field survey were carried out in these 
field studies. The transverse type in the first study and the longitudinal type in 
the second one. The important points in the first study are: 
1- Air temperatures are well correlated with thermal sensation votes. Such a 
correlation between preference votes and air temperatures was significantly 
high 
2- The neutral temperature was 27.2°C with a thermally acceptable range of 
3- The preferred temperature was 25.8°C 
4- Taking votes of three central points preference scale (from 5-points) as 
corresponding to acceptable zone revealed that more than 90% of the votes 
cast wanted little or "no change" which is in keeping with the voting 
patterns in the sensation scale. 
5- According to results of this study a 5-point preference scale can be better 
than a 3-point scale. 
The second field survey has described a week-long study of how and when six 
people used different thennal spaces in their courtyard house during the hot 
season. There was some evidence of clothing being used as an adaptive 
measure. The subjects tended to actively seek out more thermally comfortable 
spaces in the house during the course of a day, suggesting that one of the main 
fomls of adaptation for the subjects was movement from one place to another 
within their courtyard house. Furthermore. simple linear regression can be used 
to establish the neutral temperature for subjects. The neutral temperature was 
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27.5°C at an acceptable range of 23.5°C to 31.7°C. The regression slope was 
O.25/oC. An interesting relationship was also found between clothing insulation 
and air temperature. Results of this study agreed with the results of other 
studies in Dam. 
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Chapter Eight 
Discussions and 
comparative analysis of the results 
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8.1 Introduction 
The range of comfort for Ilam people in their houses was found in the present 
study to be between 17.2°C and 31.8°C for which around 80% of subjects were 
likely to be comfortable. At a neutral temperature of 28°C, the study indicated 
all subjects would be comfortable with sensation "neutral" on the ASHRAE scale 
and "no change" on the preference scale during a hot period and similarly at air 
temperature of 21.0°C during a cool period. The range of Ilam outdoor air 
temperatures shows a great opportunity for the housing designer to provide 
indoor thermal comfort. Thus some strategies which may be applicable to 
housing design in Ilam are investigated. 
This Chapter looks at a comparative analysis of all the field studies' results of 
this thesis during two seasons in the city of Ilam with other studies. 
The Chapter will start with a discussion of the thermal sensation and acceptable 
conditions suggested by the results of this study. Next, two models (from 
Humphreys and Auliciems) and later on, another model from de Dear, are 
discussed which imply that neutral temperature is related to outdoor temperature 
as well as indoor temperature. The focus is on the relationship between these 
models and findings of this study. The Griffiths' model is introduced to estimate 
the neutral temperature for all groups of subjects in Dam. This Chapter also looks 
at the other evidences for behaviour adaptation. 
The present Chapter is the best place for a discussion about PMV index and the 
issue of standards of thermal comfort. There have been many arguments whether 
standards are appropriate to be applied to the or in the real buildings. 
Two bioclimatic charts of Olgyay and Givoni will be compared with acceptable 
boundaries of comfort conditions for Ilam people. This Chapter also shows how 
the results of experimental works in Ilam can be applied to passive buildings 
with a discussion of Mahony's tables as a passive systems guideline. 
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8.2 Comparison of thermal sensation to standardized equation 
The mean sensation votes from all the groups of Bam subjects on the ASHRAE 
scale is 0.34, or slightly warmer than neutral (mean air temperature is 27.80 C). 
Thus there was a bias towards the wann side of the scale. Obviously at the 
different mean air temperatures, patterns of sensation votes could be different. 
Humphreys [1976] showed a highly significant correlation between mean 
responses versus mean aIr or globe temperatures from more than 200,000 
observations (Figure 8.1). The equation derived from linear regression analysis 
IS: 
Standardised mean sensation = -0.244 + 0.0166 T; (8.1) 
T; is mean indoor air temperature 
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Figure 8.1 Standardised mean thermal responses against mean temperatures. 
(After Humphreys 1976) 
Because of different numbers of categories in various scales, Humphreys used a 
standardised form by dividing the absolute mean response by the number of 
positive categories on the scale. Do standardised mean sensation votes of the 
limn study fit to the regression line of Humphreys' study? 
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Table (8.1) shows these values in different groups and in all the samples. 
Table 8.1 Mean standardized sensation votes 
Mean air temperatureOC 
Standardised sensation votes 
Predicted by Humphrey's eq. 
CH: Contemporary Housing- Hot season 
TH: Traditional Housing- Hot season 
YH: Courtyard Condition- Hot season 
All : All subjects during both seasons 
c." 
30.4 
0.24 
0.26 
T." Y." C.C T.C P.H A.H 
29.6 31.7 20.5 19.3 28.2 29.1 
0.08 0.27 0 -0.14 0.08 0.13 
0.24 0.28 0.09 0.07 0.22 0.23 
CC: Contemporary Housing- Cool season 
TC: Traditional Housing - Cool season 
PH: Low income subjects - Hot season 
AH: Longitudinal work in a house -Hot season 
AU 
27.8 
0.12 
0.21 
All standardised sensation values of Ilam subjects are lower than those predicted 
by Humphreys' equation. It implies that Ilam people are more adapted to hot 
conditions and less to cool conditions than the means of world- wide subjects. 
Such a finding was reported by Nicol et al [1994] for Peshawar subjects. Figure 
(8.2) also shows the regression line of Humphreys' study [1976] and all the 
standardised mean thermal sensation responses in the present study . 
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Figure 8.2 Regression line of Humphreys study (thicker line) and standardised mean 
sensation votes in all groups of present study 
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A . h wn in Figure .2 all point ar g n r II) p iti\ n [h r n 
extreme value. They all lie belo the Humphrey' lin. \\ hi him 
'ubject in Iraq and India [ ic01' 197 ] and ing p r [\\' 
regr S ' ion equation fitted to the Ilam ur e 1: 
1 :]. h 
Standardised mean sensation votes = -0.592 + 0.02 4 T, 
The lope of equation 8.2) i teeper than that found b Humphr " 
Tab le 8.2 ero - tabulation of air temperature agai n t HRA al allinlra.n ' \~Lt: 
samplin g) 
Ta ( 0 ) -3 -2 -1 0 1 2 3 R w T taL 
15 20% 80% 0.9 1-
16 60% 40% 0.6 1 l 
17 30% 63% 70ft 1.7 -~ 
18 50% 50% 0.3 ~ 
19 37% 63 % 
-1.5 6_ 
20 8% 92 ~ 8,~ II . 
21 94% 6 1'0 5.7 78 
22 94% 6~ -1.2 j8 
23 80ft 32 ~ 60% 1. _I 
24 55 % 45 % 0.7 l) 
25 45 o/c 5 o/c 1.5 _0 
26 32 o/c 68 0ft _.7 37 
27 3% 97 o/c -1.-1 60 
8 10 o/c 3.5 4X 
9 I ~ 8 o/c 16o/c 15.5 _14 
30 68 % 3 I o/c 1% 1 .8 _IX 
31 2 1O/C 73 % 6% 14.1 195 
32 8o/c 8 l o/c I l o/c 7.8 lOX 
33 8'_% 18%- 2.-1 _13 
3-1 25~ 63 ge L ge 0.6 8 
36 12% 50% J8 o/c 0.6 8 
36 100ge 0.1 -
37 6o/c 59 ge J5 c'c 1._ I 
38 100ge 0.-1 6 
3<) 75 0( (f 
-- ( 0.3 ~ 
-10 (7, - - ( 67(; 0.1 
-II oc'c .:-O( ( 0.1 -
_i3 o, 7C~ (L ~ 
-1- -
-13 I Once 0. 1 I 
-1-1 J( ( r; (J. _ 
() (' 1.1 (dV'r 57. (' _ .1 (' ~.6 ( 1.5 ( I O() \J 9 
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For a clear picture of the pattern of sensation votes against air temperature a 
cross-tabulation between them is presented in Table (8.2). This table shows the 
percentage of votes at each scale category within 1°C range. 
Table (S.2) shows that subjects were satisfied with their condition whether at 
20.0DC or at 2S.0DC. It should be noted that if the neutral temperature was 
calculated by heat balance theory and the comfort equation [Fanger; 1970], its 
range could be found to be only 5-6K. A range of 8K must be affected by other 
parameters not just the six parameters of standard thermal comfort. 
A comparison is also made between English subjects (data from Table 5.1) and 
Ilam subjects during the hot season. Figure (S.3) shows English subjects were 
more sensitive to heat than Ilam subjects. The English subjects were in the 
neutral condition at the air temperature of 17.2DC whi Ie Ham subjects had a 
similar situation at air temperature of 2S.1 DC. 
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8.3 Thermal acceptability 
Olgyay [1963] noted that "where no feelings of discomfort occur is the comfort 
zone". Markham [1947] proposed a range of temperature from 15.5°C to 24.50C 
as constituting an ideal zone, with relative humidity at noon varying from 40% to 
70%. Givoni [1992] has attempted to define a comfort zone for naturally 
ventilated buildings with two categories: developed countries and developing 
countries. ISO 7730 [1993], based on Fanger's work, gives the comfort zone for 
summer as 23°C to 26°C and for winter 20°C to 24°C in resultant temperature. 
The comfort zone, however, does not have real boundaries for the comfort 
condition because it depends on sex, age, acclimatisation according to 
geographical locations, type of clothing and activity. as well as cultural factors 
and life style. Thus the range of comfort for building design strategies will be 
based on field studies at certain locations. 
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Figure 8.4 Percent of sensation votes between slightly cool and slightly wann 
as well as neutral sensation votes (S=O) during both seasons 
As mentioned in Chapters six the use of preference scale to determine acceptable 
. . . . h' d H by using the conventional condition IS not necessary 10 t IS stu y. owever. . 
method considering thermal sensation votes within the three central points of the 
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seven- point ASHRAE sensation scale and at least 809c of the respondents who 
were satisfied by their environment, thermal acceptability of Dam subjects can be 
established. For this aim a quadratic equation was used to estimate the curves 
lines. The data of all subjects in the hot and the cool seasons is used to draw 
Figure (8.4). 
Limits of air temperatures between 17.2°C and 24.2°C for cool periods and 
24.0°C to 31.8°C for hot periods can be boundaries of acceptable conditions for 
Ilam subjects. 
In the present study the average of air velocity during the time of questionnaires 
was about 0.1 mls which is in the category of still air. However. with increasing 
air velocity the upper air temperature limit of the comfort condition can be 
increased of air temperature. The range of acceptable conditions from the 
present study is much wider than that predicted by standards such as ISO 7730 
(t 994) or ASHRAE standard 55 (1992). 
8.4 Neutral temperature and mean indoor temperature 
Humphreys [1976] showed a strong relationship between the mean indoor 
temperature and neutral temperature (Figure 8.5). The simple regression 
equation is: 
Til = 0.831 T; +2.6 (8.3) 
Til is the neutral temperature 
T; is the mean indoor temperature 
Humpherys [ 1976] noted that it is interesting that such an accurate prediction (for 
neutral temperature) can be made simply from a knowledge of the mean 
temperature experienced by the respondents during the observation. 
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Mean alf 01 Vlobe lernperonure·C 
Figure 8.5 Relationship between indoor air temperatures and neutral temperatures. 
(After Humphreys 1976) 
Auliciems et al [1986] developed another equation. They used minimum group 
discomfort as a function of mean indoor air temperatures by simple linear 
regression analysis (Figure 8.6). This equation is: 
Til = O.73T; + 5.41 
• AustraUa 
• Melanesia 
X Aa1a 
A S. Amerlea 
• N. America 
o Europe 
n:s39 
o r = 0.92 
2D Z4 21 32 
M~an Indoor Temperature (oC) 
(8.4) 
3e 
Figure 8.6 Relationship between mean indoor temperatures and neutral temperatures. 
(After Auliciems and de Dear /986) 
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From ASHRAE research project 884, de Dear and Brager [1998] proposed the 
equation based onthe knowledge of mean indoor temperature which is: 
Tn = J 5.47 + 0.33 Tope. (8.5) 
Tope. is mean indoor operative temperature 
To apply equation (8.5) two things should be considered which are: the variables 
must be composite thermal indices such as the operative temperature and then it 
should be applied to subjects with sedentary activity. 
However, the calculated neutral temperatures from these equations for IIam are 
shown in Table (8.3). The end column of the table shows neutral temperature 
from simple regression analysis. 
Table 8.3 Prediction of Neutral temperature by Humphreys, Auliciems and de Dear 
models 
Humphrey eq. Aulicimes eq. De Deareq. Simple reg. 
All hot season 28.0°C 27.7°C 26.2°C 28.1 oC 
All cool season 19.2°C 20.0°C 22.5°C 20.8°C 
Low income subjects 26.0°C 26.0°C 25.3°C 27.2°C 
Longitudinal work 26.7°C 26.7°C 25.7°C 27.5°C 
Compared with the neutral temperatures from simple regreSSIOn analysis 
Humphreys and Auliciems models indicated a small difference between them. 
The two models can well be used as predicting tools for neutral temperature for 
all groups of people in Ilam, although it seems Auliciems' equation for the cool 
season is a better predictor than Humphreys' equation. But de Dear's equation 
can not be used in Ilam although two modifications of this model can be made on 
the results. However. the nature of these equations makes it difficult to apply 
them, because they are related to indoor temperature and this is not easy to 
obtain. 
From all experimental data in the present study equation (8.6) can be derived: 
179 
Tn = 0.68 T; + 7.42 
(8.6) 
Tn is neutral temperature 
T; is indoor temperature 
This equation is similar to Humphreys, equation but close to AuIiciems' equation 
in terms of slope and intercept. The lower slope in equation (8.6) than slope of 
Humphreys' equation indicated that adaptation processes are not complete 
especially at extreme temperatures. 
In other words, one of the principal findings of the adaptive model is that the 
comfort temperature reflects the mean temperature experienced Ti [Nicol et aI: 
1994]. For comparison, neutral temperatures found in the llam study were 
plotted against the mean air temperatures experienced by subjects. Figure (8.7) 
shows such points as well as the line of equality. All points derived from the hot 
season surveys are shown below the equality line and points from the cool season 
surveys lie above the line. These results are similar with Nicol et al [1994] in 
Pakistan. As a resonable work if we ignored from courtyard data the slop of 
equation (8.6) will be O.72/oC which is the same as slope of Auliciems' equation. 
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Figure 8.7 Scatter diagram of mean indoor temperature and neutral temperature 
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8.5 Griffiths model 
Griffiths [1990] suggested a way In which the comfort temperature can be 
deduced from a small sample of data [Nicol et al; 1994]. Nicol noted that the 
method can be applied to each comfort vote to estimate the comfort temperature. 
The method can also be applied to a sample where the variance of the data is 
very small or the regression coefficient unreliable. 
The assumption of Griffiths is that the increase in temperature of each scale 
point on the subjective comfort scale is 3K for a seven-point scale. This scale 
category width is used to refer to a regression line of sample regression analysis 
with a slope of 0.33°C. In this method each vote as a point will projected on to 
the temperature axis with the slope line of 0.33°C. If the temperatures axis 
passing zero of the comfort scale line so the mean of projected points is comfort 
temperature. The following equation shows Griffiths model: 
Tn = T; + [(0- C)/a*J (8.7) 
Til is neutral temperature (OC) 
T; is indoor temperature (OC) 
C is comfort vote 
a* is regression coefficient of 0.33°C 
Nicol et al [1993] showed that regression analysis is liable to error because of 
feedback and it was decided to use Griffiths's equation with a regression 
coefficient of 0.33. In fact the reason for the calculated neutral temperature with 
a slope of 0.33 for the Griffiths method is that it does give the temperature which 
the subject is adapted at the time of voting [Nicol et al; 1994]. Nicol and his 
team [1994] applied the method to the centre points of the data from their survey. 
Humphreys and Nicol [1999] suggested a modification of Griffiths's method 
which is not used in this study. 
In the present study a slope of 0.24 in two sets of summer data and slope of 0.25 
during winter were obtained. The value of 0.33 has been used to calculate values 
of neutral temperature in all groups of subjects. 
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Table 8.4 Neutral temperature from Griffiths method 
T.H C.H 
Griffiths value 28.9 28.2 
Simple linear 28.5 27.4 
regression 
CH: Contemporary Housing- Hot season 
TH: Traditional Housing- Hot season 
YH: Courtyard Condition- Hot season 
AlJ : All subjects during both seasons 
Y.H 
29.2 
28.2 
T.C C.C P.H A.H All.H 
19.2 20.5 27.5 27.9 28.8 
21.0 20.6 27.2 27.5 28.1 
CC: Contemporary Housing- Cool season 
TC: Traditional Housing - Cool season 
PH: Low income subjects - Hot season 
All.e 
19.5 
20.8 
AH: Longitudinal work in a house -Hot season 
As shown in Table (8.4) the neutral temperatures from simple regression analysis 
during the hot season are slightly lower than the Griffiths' value, while during 
the cool season it is slightly higher. 
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Figure 8.8 Scatter diagrams of Griffiths value and indoor temperature for subjects 
Figure (8.8) shows the Griffiths value for each subject during both seasons. In 
this graph a similar pallem is shown. The linear regression equation of 
Griffiths's value in this study is: 
(8.8) 
T" = 0.65 T, + 8.54 
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However equation (8.6) IS In 
agreement with other field studies and can be 
applied for Ilam. 
8.6 Neutral temperature and mean outdoor temperature 
Humphreys [1978] indicated a strong relationship between the outdoor 
temperatures and the comfort indoors. This model shows that there is a strong 
linear relationship between the monthly mean outdoor temperatures (Tom) and the 
indoor comfort temperatures (Tn) for the "free-running" buildings, but a fairly 
strong curvilinear line for other buildings (Figure 8.9). 
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Figure 8.9 Relationship between monthly mean outdoor temperatures and 
neutral temperatures. (After Humphreys 1978) 
The regressIOn line A of the "free-running" buildings suggests that for every 
degree change in the monthly mean outdoor temperatures (Ttlm ), the neutral 
temperatures (Tn) will approximately change over half a degree. The surveys 
found that 94 per cent of the variations of the neutral temperatures are a~sociated 
with the variations of the mean outdoor temperatures and their correlation 
coefficient is 0.97. The standard deviation of the prediction is 1.0 K and the 
range of application is between lOoe and 33°e. The regression equation is: 
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Tc = 11.9 + 0.534 Tom (8.9) 
Tc is comfort temperature 
Tom is outdoor temperature 
For the heated or cooled buildings (the regression line B) there is no data from 
hot environments. The curvature shows over the range between (-24°C and +240 
C) outdoor temperatures. The best fit is found to suit the following equation: 
Tn = 23.9 + 0.295 (Tom - 22) exp {-[(Tom - 22) I (24";2))2) (8.10) 
Humphreys [1978a] advised that the intersection area of line A and line B 
indicates the joint optimum indoor temperatures for both types of buildings. This 
zone implies that the buildings with heating or cooling plant should use energy 
by the "free-running" conditions, which can then achieve comfort and saving 
energy. 
There is however, the important question: what does Humphreys mean by 
outdoor temperature? Humphreys [1994] queried if it meant the outdoor 
temperature at the moment or its history over the last few weeks. Normally 
thermal comfort studies take a few weeks to do, and then the results are pooled. 
The outdoor temperature might have had a different pattern of variation, which 
might have influenced the results. So the survey should choose a season of the 
year where there will be a clear sequence of outdoor temperature and see what it 
does to the sequence of indoor preferred temperatures. 
The outdoor temperature in this study is defined as: 
(monthly mean maximum + monthly mean minimum)/2 
For calculated neutral temperature from outdoor temperature. this study used two 
categories: historical value (Tolt) and mean outdoor temperature Juring the 
surveys, which were obtained from the war meteorological office in Ham. Tahk 
(8.5) shows outdoor temperatures in both categories. 
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Table 8.5 Outdoor temperature of Ilam 
Y.H C.H T.H c.c T.C P.H A.H 
Historical 30.] 30.1 30.1 11.9 11.9 30.1 ~8.7 
During survey 29.8 29.8 29.8 9.7 9.7 29.2 28.5 
*When a survey was conducted in for length of two months, the mean outdoor temperature was 
used (from historical category) 
Neutral temperature from Humphreys' equation can be estimated with a 
knowledge of Table (8.5). Auliciems and De dear [1986] proposed a single line 
for all buildings. The relationship they found between comfort temperature and 
outdoors-mean temperature (for SoC < Tom < 30°C) was: 
Tc: = 17.6 + 0.31 Tom (8.10) 
Table (8.6) shows neutral temperatures for Bam according to Humphreys. and 
Auliciems' equations. 
Table 8.6 Results from Humphreys and Auliciems equations and the field surveys 
Y.H C.H T.H C.C T.C P.H A.H 
Humphreys Historical 28.0 28.0 28.0 18.3 18.3 28.0 27.2 
equation During Survey 27.8 27.8 27.8 17.1 17.1 27.5 27.1 
Auliciems Historical 26.9 26.9 26.9 21.3 21.3 26.9 26.5 
equation. During Survey 26.8 26.8 26.8 20.6 20.6 26.7 26.4 
Simple regression 28.2 27.4 28.5 20.6 21.0 27.2 27.5 
Fronl Table (8.6) it can be seen that there was a very small difference in the 
results from Humphreys' equation and actual results during the hot season, but 
there is a difference with Auliciems' equation. The difference in the cool season 
was more than 2°e between actual data and Humphreys' equation, but there is no 
difference between actual data and results of Auliciems equation. It means that 
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during hot periods Humphreys' equation is a bener predictor while during cool 
periods Auliciems equation is best. 
From ASHRAE research project 884, the predicted comfort temperature also will 
be derived from the knowledge of mean outdoor temperature: 
Tn = 18.9 +0.26 ET*out. (8.12) 
This model is related to subjects with sedentary work and the new effective 
temperature (ET*()ut). Table (8.7) shows neutral temperature for Ilam people 
according to this equation in two categories. 
Table 8.7 Neutral temperature according to outdoor temperature (if ET*"ul is equal 
with air temperature) from de Dear equation for Ham people 
Y.H C.H T.H C.C T.e P.H A.H 
de Dear Historical 26.7 26.7 26.7 22.0 22.0 26.7 26.4 
equation During Survey 26.6 26.6 26.6 21.4 21.4 26.5 26.3 
As shown in Table (8.7) there is a difference between results of simple regression 
analysis and such findings. 
From the actual data of these studies and mean outdoor temperatures during the 
field studies equation (8.13) can be derived: 
Tc = 0.36 Tom +17.3 (8.13) 
This equation is close to Auliciems' equation. The regression equation using 
historical mean outdoor temperatures gives the following equation: 
1:. = 0.39 Tom + /6.1 (8-1·H 
which is the same slope as Auliciems' equation but with difference of about 1°C 
in intercept. 
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The relationship between the mean historical td 
ou oor temperature and Griffiths 
value for all subjects is shown in Figure (8 10) Th . . . 
. . . e equatIOn of thIs relatIOnship 
IS: 
Tc = 0.41 Tom +16.01 
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Figure 8.10 Relationship between mean historical outdoor temperature and Griffiths 
value for all subjects 
8.7 Behaviour adaptation 
Some actions relating to changes of environmental conditions included some 
personal and some unpersonal factors. Relationships between such actions and 
environmental factors were strong and significant in the present study. 
1- The correlation coefficients between air temperature and thermal sensation 
votes in the first experimental work during hot season. in the second during 
cool season and in the third during hot season were (r=O.80). (r=O.75) and 
(r=0.79) respectively. Thus the main cause of comfort was affected by air 
temperature 
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2- Relationship between clothing values and air temperature was significant 
especially during cool season. Clothing insulation had a strong linear 
dependence on outdoor temperature and season. Mean clothing value of Dam 
subjects during cool period was about 0.9 clo more than mean clothing vaJue 
during hot period. Figure (8.11) shows scatter diagram between air 
temperature and clothing value of all subjects, which indicated that vaJue of 
clothing insulation, is related to air temperature. It is possible from Figure 
(8.11) to suggest that removing clothing is an adaptation option down to a 
certain clothing level, but beyond that level social and cultural factors 
dominate people's clothing response. 
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Figure 8.11 Scatter diagram between clothing and air temperature 
(Equation is: y= 0.0054 Xl_ 0.3592X +6.4691 - Rl = 0.78) 
3- Mean indoor air velocity is another indication of behavioural adjustment to 
indoor temperature. Building occupants, particularly in naturally ventilated 
. I . movement within their buildings, might be expected to Increase genera au 
occupied zone, either through openable windows or fans, as air temperatures 
increa'ied [de Dear and Brager; 1998]. Figure (8.12) shows a scatter diagram 
between indoor air temperature and air velocity. The general pattern of air 
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velocity during cool season shows nearly all opemngs were kept closed. 
however Figure (8.12) shows a low value of air velocity at time of 
questionnaires during hot season. It is because of two things: Ilam people 
normally used hand fans (Figure 8.13). When they were filling in the 
questionnaire (by themselves or by interviewer), they put hand fan on floor. 
Thus the record of air velocity which subjects were exposed to was not 
possible. A second reason is that a low outdoor air velocity had an effect on 
low indoor air velocity. Furthermore some times in thick walls houses 
windows and door are normally closed during daytime and open during 
night-time. 
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Figure 8.12 Scatter diagram of indoor air temperature and indoor air speed 
*The gap between 23°C till 26°C is because of ignored from data of courtyard 
. h' h .. th hanging of 4- The another important point is shown m Table (8.8) w IC IS e c 
expectation and effect of some adaptive behaviour according to outdoor 
h al al 't Table (8 8) shows percentage temperature and season on t erm neutr I y. .' 
h . t McIntyre scale) in the of each category of preference scale (t ree pom . 
. ' d· h t . nd cool season. Seventy different categones of air temperature unng 0 a . 
. d .. h .. in their environment four percent of subjects at 23°C wante no c ange 
and 26 percent wanted cooler condition during cool season while at air 
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temperature of 25°C (2°C h'gh ) I er twenty two percent of subjects wanted 
warmer condition and 75% wanted "no change" It' I' th ' 
, ' Imp les at subjects had 
dIfferent responses to environmental d't' , 
con I IOn In terms of thennal 
acceptability. 
r 
~~~------ RUSH or 
CORN-COB 
8.13 Hand fan 
Table 8.8 Percent of each category of preference vote at different air temperatures 
Cool season Hot season 
22°C 230C 250C 270C l80C 
Percent of "wanted cooler condition" 2 26 0 0 20 
Percent of U wanted no change in their condition" 67 74 78 87 82 
Percent ofu wanted warmer condition" 31 0 22 13 0 
5- Another behaviour adaptations was movmg to a different thermal 
environment from the one causing the discomfort. a'\ described on part two of 
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Chapter seven. Results of this part showed that the subjects tended to 
actively seek out more thermally comfortable spaces in the house during 
course of a day, suggesting that one of the main forms of adaptation for Dam 
subjects was movement from one place to another to another within their 
house. 
8.8 Comparison of the PMV and AMV 
Nigel Oseland [1992] made some comparison between results of a BRE thermal 
comfort survey in one- bedroom and bedsit starter homes in England and climatic 
chambers study. This part will describe such comparison between the findings of 
the present study during hot season (three surveys) and results of climatic 
chamber study as Oseland did. 
Table (8.9) shows the environmental conditions in the two studies. According to 
information from this table some comparison could be made. 
Figure (8.14) shows scatter diagram between mean thermal sensation and indoor 
air temperatures of Fanger's experiment and finding from Ham study. 
Table 8.9 The environmental conditions in climate chamber study and Ham field study 
Climatic chamber Field studies (hot season) 
Environment Climatic chamber Homes 
Subjects 256 Danish subjects About 700 Ham subjects 
Clothing Standardised 0.6 clo Approx. 0.6 clo 
Activity Sedentary Approx. sedentary 
Temperature 21°C -28°C Not controlled 26°C- :noc 
Air velocity Approx. 0.1 m1s Approx. 0.1 m1s 
Humidity 30% & 70% 20'k - 70% 
Radiant temperature Equal to air temperature Approx equal to air temperature 
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Figure 8.14 Diagrame of air temperature and sensation votes 
The Ilam line in Figure (8.14) is obtained by equation which comes from three 
surveys (Chapter Six). As shown in Figure (8.14) slope of Fanger's line is 
steeper than Ilam's line and there is a difference (more than 2°C) between the 
neutral temperature from both studies. Furthermore Fanger's subjects were 
comfortable at half range of Ilam subjects. Fanger (1992) noted that comparative 
study by Oseland (1992) might not be correct because he only measured air 
temperature from six variables and clothing insulation was not reported and 
described as "medium dress". Fanger continued that Oseland states his 
occupants were sedentary, but he may be ignoring the psychological 
circumstances under which they were studied. 
As another way the PMV values in Ham survey during hot season are determined 
by a thermal comfort prediction tool ("Win- Comf' on Windows [Fountain et al: 
I 996a,b)). First, the indoor air temperature of the Ilam study was rounded to the 
nearest 0.5°C and second, just subjects who wear a value of clothing between 
0.55 clo and 0.65 clo with sedentary activity about 1.2 met were used. Overall 
data from 200 subjects were put in computer programme. The actual and 
predicted sensation vote of each subject and air temperature is plotted in Figure 
(8.15). 
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The regression coefficient of the PMV is o 301°C and . h h· h 
. IS muc Ig er than that of 
the actual mean vote (AMV) of 0.2 11°C. Such a discrepancy between estimated 
neutral temperature from PMV line and AMV I· . me eXISts. The neutral 
temperature of the actual mean vote is 27.4 °C while the predicted temperature 
from PMV is 24.2°C. The difference about 3K is in line with findings from 
Humphreys study [1994], (see Chapter Five). 
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Figure 8.17 Scatter diagram of predicted mean votes and actual mean votes with air 
temperature for Ilam subjects 
*For PMV (Y= 0.302 X -7.2542 & R2=0.98) and for AMV (Y=0.208 X -5.7366 & R2=O.58) 
8.9 Comparison to the bioclimatic charts 
The first published graphic presentation of climatic data, designed specifically as 
a basis for evaluating human comfort need and building design objectives was by 
Victor and Aladar Olgyay in the early 1950s [Olgyay and Olgyay; 1963]. 
According to Givoni [1976], this was the first attempt to propose a systematic 
procedure for adapting the design of a building to the human requirements and 
climatic conditions. The Olgyay bioclimatic chart is a temperature-humidity 
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diagram used to display the comfort needs of a sedentary person. The chart is 
applicable to people living in temperate regions of the USA at elevations below 
300m above sea level. Olgyay noted that it can be applied to climatic regions 
other than latitude 40° by elevating the lower perimeter of the summer comfon 
zone by 0.42°C for every 5° latitude change towards lower latitudes and upper 
perimeter similarly, but not above 29.4°C. 
The Olgyay recommended comfort zone for people living in Dam is found to be 
about 21.5°C to 28.3°C. Figure (8.16) shows an average yearly evaluation of the 
conditions for Dam. Figure (8.16) shows the points of mean monthly air 
temperatures maxima and minima with their corresponding mean monthly 
relative humidity minima and maxima. 
It is apparent that most of the year the relative humidity is within the humidity 
comfort zone bounded by the curved 20% and 80% Rh line. Only in July is this 
zone exceeded when the air is too dry and hot. Figure (8.16) also indicates that 
during January, February, March and December, the Dam condition is cold both 
day and night, while there are hot conditions during June, July. August and 
September. 
Olgyay has made the comment that, in his experience, indoor temperatures are 
very close to the outdoor level [Givoni; 1992]. Therefore he has suggested that 
these charts could be used also as guidelines for buildings. This can be a 
reasonable approximation in light weight buildings in humid regions. where 
Olgyay has lived and where residential buildings are usually ventilated naturally 
during the summer through open, although usually screened, windows. But even 
in this case indoor night temperatures, even in winter, are significantly higher 
than the outdoors even in unheated buildings, leading to overestimation of the 
need for heating [Givoni; 1998]. Thus in the context of hot dry regions and 
naturally ventilated housing, there are some problems to applying Olgyay chans. 
such as: 
1- The upper and lower limits of acceptable condition for flam people in the 
present study are beyond that those predicted by Olgyay chan 
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later revised to differentiate between people living in the developed and 
developing countries to take account of the acclimatisation resulting from living 
in unconditioned buildings in hot climates [Givoni: 1992]. The comfort zones 
are for acclimatised people at rest or engaged in sedentary activity in still air. 
The comfort zones for people living in developed countries are 18-25°C (winter) 
and 20-27°e (summer), the upper temperature limits are applicable only at 
humidities below vapour contents of 10 g/kg, while the upper limit of humidity 
was 15g1kg. For inhabitants of the hot developing countries Givoni [1992] 
suggests an increase of 2°e on the upper temperature limit and 2g1kg on the 
upper vapour content. Watson [1981] identified the limitations of Givoni's 
bioclimatic chart analysis as: 
1- It can be applied mainly to residential scale structures, which are free of any 
internal heat gains. 
2- The ventilation upper boundary zone is based on the assumption that indoor 
mean radiant temperature and vapour pressure is nearly the same as those of 
the external environment. This necessitates a building of low mass and an 
exterior structure of medium to high thermal resistance provided with white 
external paint. 
3- The thermal mass effectiveness is based on the assumption that all windows 
are closed during the daytime, a still indoor air and the indoor vapour 
pressure is higher than the outside. 
The Givoni chart (Figure 8.17) suggests boundaries of the climatic conditions 
within which various building design strategies, as well as passive and low 
energy cooling systems, can provide indoor comfort in hot climates without air 
conditioning. 
These cool ing options included: 
1- Day time ventilation 
2- High mass, with or without and nocturnal ventilation 
3- Direct evaporative cooling 
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daytime and night-time are cold. During the night time for the months of June. 
July, August, September and the daytime of April the condition is comfortable 
while the night time of March and November are quite cold so the heating 
systems are need. With changing of clothing and other adaptive behaviour 
people will be comfortable in the daytime of March. The chart indicates that 
high mass building coupled with ventilation can effectively restore comfort for 
the day times of June, August, September, October, November and also the night 
time of April and May. 
Although the boundary of acceptable condition in this is beyond than that 
predicted by Givoni chart, however, some passive systems recommended by 
Givoni can be apply for l1am. 
8.10 Standards 
A standard is used to define conditions of thermal comfort to provide guidance 
on environmental design and control. The main expectation of current standards 
is that comfort condition is "stable". Humphreys [1994] noted that comfort 
temperatures have changed markedly during the last hundred years. 
One of the standards is the ASHRAE standard, which is used extensively. The 
ASHRAE boundaries of acceptable temperature in summer extends from 23.0°C 
to 26.5°C, allowing the upper limit to change with changing air speed (up to 
28.0°C). The acceptable upper humidity limit is not affected at all by the higher 
air speed in the ASHRAE standard. This standard is not flexible beyond these 
limits. 
Another current standard is ISO based on Fanger's comfort equation. which is 
more flexible than ASHRAE. According to Humphreys [ 1994] ISO is a standard 
method rather than a standard environment. To obtain comfort temperatures 
from the equation it is necessary to supply from tabulated information estimates 
of the clothing insulation and the rate of metabolic heat production of the people 
[Humphreys~ 1994]. Parsons [1994] noted that no doubt those ISO standards 
have made a significant impact on the design and assessment of spaces for 
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thermal comfort. But the Fanger equation has not been consistently successful in 
estimating comfort temperatures for nonnal living, particularly if conditions 
differ sharply from those from which the comfort equation was derived 
[Humphreys; 1994], (see also above part 8.8). 
Present field studies have demonstrated the upper and lower limits of comfort 
condition are flexible. In agreement with Humphreys and Nicol [1970]. and 
according to much reasonable data from field studies of thermal comfort and 
especially according to the Ilam results, it is suggested that air temperature alone 
is a good indicator for thermal comfort. One thing, however. should be a 
consideration. Some evidence (such as Oseland; 1993, Brager et al; 1994, Heijs; 
1994, de Dear; 1994) implies that design temperatures should not be based on 
neutral thermal sensation but on what is preferred. According to Oseland [1994] 
the importance of level of control over the thermal environment may be 
underestimated in current guidance on optimum thermal design, although 
SCANV AC [1991] suggests that the best design will offer individual control to 
the occupants. 
8.11 Applying the survey results to housing design in lIam 
8.11.1 Neutral temperature in different months 
Based on Humphreys' equation (8.9), Auliciems' equation (8.11) and predicted 
equation based on Ilam experimental data (8.13) the predicted neutral 
temperature for Ilam in the different months is shown in Figure (8.18). 
Figure (8.18) shows Auliciems' rate has overvalued thermal neutrality 
temperature for ten months of the year compared to Humphreys value while both 
rates during June are the same and during July Humphreys' rate has overvalued. 
Comparison between Auliciems' value and the results of the nam surveys shows 
a similar pattern for most time of the year while Humphreys' values for cool 
times are far from Ilam results. One reason can be that Auliciems for his model 
added somc data from hot regions. However. the three equations havc nearly the 
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same rate for six months of the year. According to such comparisons it seems 
that the results of the present survey can be applied to the whole of the year . 
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Figure 8.19 Neutral temperature for different months in Ham 
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Therefore one of the best predictors of the neutral temperature for Dam is 
equation (8.13): 
Tn = 17.3+0.36 Tom (8.13) 
Figure (8.19) shows the neutral temperature for different months in lIam. The 
mean and range of historical outdoor temperature are also shows in Figure (8.19). 
Equation (8.13) indicated that the indoors neutral temperature equals the outdoor 
mean temperature at 27.0°C. Thus the neutral temperature of May. June, July. 
August and September will to be close to the outdoor mean temperature of lIam 
and during January, February, March and December the maximum outdoor 
temperatures are below the neutral temperature while neutrality of April. May, 
October and November are below the line of maximum outdoor temperature (as 
shown in Figure 8.19). Three periods, however, in lIam can be recognized: hot 
period (June, July, August and September), moderate period (April, may, 
October and November) and cool period (January, February, March and 
December). For hot period passive-cooling systems can be applied. Nighttime 
ventilation and evaporative cooling in hot times of the day are two ways to 
achieve comfort. It should be noted that high-mass buildings with negligible 
heat gain or sun penetration are more suitable. In the cool period use of solar 
gain and closing the building at night and ventilating with warmer air during the 
day can be used. When such ways fail, indoor heating will be needed. 
As a result, and in agreement with Nicol and Roaf [1996], an indoor au 
temperature which varies with climate and season is not incompatible with 
existing vernacular architecture. Used as a guide to desirable indoor 
temperatures, it can help to suggest the appropriate passive strategy for new 
buildings in lIam and improving the present buildings. 
8.11.2 Indoor, outdoor, and acceptable temperatures 
Table (6.6) in Chapter six has shown that the mean internal air temperatures 
during hot season is between 26.7°C to 32.7°C in the traditional housing and 
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become more comfortable as that day wears on - in other words they are adapting 
their environment to suit themselves. 
8.11.3 Mahony's tables 
A good result of the present study is that some passive systems can be applied for 
housing design in Ham. However, Mahony tables, with some correction 
according to acceptable limits of Ham people, can be used as a guideline. 
For the purpose of systematic climatic analysis and building design guidelines. 
the Department of Development and Tropical Studies of the Architectural 
Association in London introduced the Mahony Tables. The Tables are used to 
analyse the climatic characteristics, from which design indicators are obtained. 
From these indicators a preliminary picture of layout, orientation, shape and 
structure of the climatic responsive design can be obtained. In this system 
climatic parameters are grouped into different ranges. Mean monthly relative 
humidity is divided into four categories: below 30%, between 30-50%, between 
50-70% and above 70%. These values can be found for each month by adding 
the monthly mean maxima and mean minima of relative humidity and dividing it 
by two. In later lines of the first Table, monthly mean maximum and mean 
minimum air temperature values (should be rounded to the nearest O.SOC), mean 
range of air temperature for each month and monthly average rainfall (in mm) 
should be entered respectively. Ham data are tabulated for Ilam in Table (8.10). 
Table 8.10 The first Table of Mahony tables for Ham 
J F M A M J J A S 0 N 0 
Average ofRH% 58 55 49 42.5 35 27 22 24.5 27.5 36 50 54.5 
Humidily group 3 3 2 2 2 1 1 1 1 2 3 3 
Monlhly mean max. Ta 12 14.5 18.5 25.5 28.5 36 41 38 35 28.5 25 18.5 
Monlhly mean min. Ta 2 3.5 7 10 14.5 18.5 21.5 19.5 17 13 9 5.5 
Monthly mean range 10 11 11.5 15.5 14 17.5 19.5 18.5 18 15.5 14 13 
Rain fall (mm) 93 72 30 27 11 0 0 0 0 18 33 85 
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The monthly mean maxima and minima of the site in question are compared to 
the day and night comfort limits for each month. For comfort conditions the 
following classification should be used: 
H (hot)- if mean is above limit 
o (comfort) - if mean is within limits 
C (cold) - if mean is below the limit 
The upper and lower comfort limits for day and night can be achieved from 
Table (8.11) according to humidity groups and AMT (AMT is annual mean 
temperature, which is found by adding the highest of the twelve maxima and 
lowest of the twelve minima of air temperature and then dividing by two). In this 
case AMT is 19.5°C. 
Table (8.12) shows thermal stress during day and night in Ham. Certain groups 
of the thermal stress indicate the remedial action that could be taken. The 
method developed uses six indicators (three humid indicated: HI, H2, H3, and 
three arid indicators AI, A2, A3) as defined in the Table (8.13). 
Table 8.11 The upper and lower comfort limits during day and night according to the 
AMT 
AMT > 20°C 15°C < AMT < 20°C AMT< 15°C 
Day Night Day NiKht Day NiRhr 
Humidity 1 26-34°C 17-25°C 23-32°C 14-23°C 21-30°C 12-21°C 
Groups 2 25-31°C 17-24°C 22-30°C 14-22°C 20-27°C 12-20°C 
3 23-29°C 17-23°C 21-2SoC 14-21°C 19-26°C 12-19°C 
4 22-27°C 17-21°C 20-25°C 14-20°C IS-24°C 12-ISoC 
Thermal stress during day and night are also calculated according to the results 
of the present study (equation 8.13) which pay attention to one point: the 
discrepancy between day and night upper and lower limits of the comfort 
condition are as same with Mahony method. Thermal stress in different months 
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of IIam is tabulated in Table (S.15). Table (S 15) . d' d .. 
. In lcate comfort conditIon 
during daytime of March and December while table (S.13) shows cold condition. 
Table 8.12 Thermal stress during day and night in Dam. 
J F M A M J J A S 0 N 0 
Monthly mean Max. 12 14.5 18.5 25.5 28.5 36 41 38 35 28.5 :!5 18.5 
Day comfort: upper 28 28 30 30 30 32 32 32 32 30 28 28 
Day comfort: lower 21 21 22 22 22 23 23 23 23 " 11 11 --
Monthly mean Min 2 3.5 7 10 14.5 18.5 21.5 19.5 17 13 9 5.5 
Night comfort: upper 21 21 22 22 22 23 23 23 23 ,., 11 11 
Night comfort: lower 14 14 14 14 14 14 14 14 14 14 14 14 
Thermal stress day C C C 0 0 H H H H 0 0 C 
Thermal stress night C C C C 0 0 0 0 0 C C C 
Table 8.13 The group of the thermal stress 
Indicator Thermal Stress Rain fall Humidity Monthly 
Day Night Group Mean rang 
H1 H 4 
H 2&3 Less than 10°C 
H2 0 4 
H3 OVER200mm 
A1 1&2&3 More than 10°C 
A2 H 1&2 More than 10°C 
H 0 1&2 
A3 C 
From Table (8.14) specific recommendation for Dam can be determined. Table 
(8.15) indicated comfort conditions during daytime of March and December 
while Table (8.12) shows cold conditions. Figures (8.24) and (8.25) also shown 
differences between upper and lower comfort condition for day-times and night-
times. For cool periods such a discrepancy is about 4K which indicated l1am 
people could be comfortable in the lower indoor temperature than predicted by 
Mahony. From Table (8.15) specific recommendation for Ham can be 
207 
recognised. These recommendations for building design In Dam are shown in 
Table (8.16). 
Table 8.14 Ilam humid and arid indicators 
J F M A M J J A S 0 N D Humid HI 
H2 
H3 i 
Arid Al ./ ./ ./ ./ ./ ./ ./ ,/ ./ ./ ,; 
-/ 
A2 ./ ,/ ./ ./ 
A3 ./ ./ 
0 
0 
0 
12 
4 
, 
-
Table 8.15 Thermal stress during day and night in Ilam based on actual data 
J F M A M J J A S 0 N D 
Monthly mean Max. 12 14.5 18.5 25.5 28.5 36 41 38 35 28.5 :!5 18.5 
Day comfort: upper 23.5 24 25.5 27 28.5 30.5 32 31 30 28.5 n 25 
Day comfort: lower 16.5 17 18.5 20 21.5 23.5 25 :!4 :!3 :! 1.5 20 18 
Monthly mean Min 2 3.5 7 10 14.5 18.5 21.5 19.5 I7 13 9 5.5 
Night comfort: upper 16.5 17 17.5 19 20.5 21.5 23 22 21 20.5 20 18 
Night comfort: lower 9.5 10 10.5 12 13.5 14.5 16 15 14 13.5 13 II 
Humidity groups 3 3 2 2 2 1 1 1 J 2 3 3 
Thermal stress day C C 0 0 0 H H H H 0 0 0 
Thermal stress night C C C C 0 0 0 0 0 C C C 
Table 8.16 Specific recommendations for housing design in Ham 
Element Recommendations 
Layout Compact courtyard planning 
Air movement Double banked rooms, temporary provision for air movement 
Opening Very small opening, 10-20% 
Walls Heavy external and internal walls 
Roofs Heavy roofs, over 8h time-lag 
Our door sleeping Space for outdoor sleeping required 
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Figure 9.3 Day comfort upper and lower limits predicted by Mahony and from actual 
data of Ham based on Mahony analysis 
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Figure 9.4 Night comfort upper and lower limits predicted by Mahony and from actual 
data of 1Iam based on Mahony analysis 
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8.10 Conclusion 
The main points of this Chapter are: 
1- The mean sensation vote of all groups of subjects in the present study are in 
agreement with other field studies which Humphreys reviewed 
2- The results of this study showed the strong relationship between prevailing 
temperatures and neutral temperature which is in good agreement with 
Humphreys's model 
3- Limits of air temperatures between about 17.5°C and 24°C for cool period 
and 24°C to 31.5°C for hot period can be a boundaries of acceptable 
• 
condition for Ilam people 
4- The neutral temperature of subjects during the hot period was slightly lower 
than the neutral temperature derived from Griffiths value, but during the cool 
period was slightly higher than Griffiths' value 
5- One of the findings of this study well showed that neutral temperature can be 
predicted from outdoor mean temperature 
6- Some behaviour adaptations were identified, such as high correlation 
between air temperature and clothing value and as well as between air 
temperature and air movement 
7- In comparison with the PMV model, the pridicted responses in the sensation 
scale is not matched to the actual mean votes 
8- Air temperature alone can be a better indicate of thermal comfort. rather than 
other indices 
9- The results of this study suggested that an appropriate passive strategy for 
building design can be enough for desirable indoor condition 
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Chapter Nine 
Conclusions 
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9.1 General conclusion 
This thesis has looked at some housing types in Iran in terms of thermal 
comfort. The methodology of this study was field surveys in the real world 
using a large number of subjects and as well as a large number of houses during 
two extreme conditions, hot and cool. The main objective was to make 
recommendations for an acceptable range of indoor temperatures for Ilam 
people and for those who are living in other area of Iran with similar climate. 
culture and religion. 
The results showed that the respondents were thermally comfortable in a wider 
range of air temperatures than which is indicated by current standards. From 
such results it seems that international standard based on Fanger's PMV tend to 
predict that indoor temperatures will feel hotter than they actually do, especially 
in the hot periods. 
This study has identified several thermal comfort adaptive actions that a person 
might take to achieve comfort such as moving to a different thermal 
environment from one causing the discomfort or changing the clothing to suit 
prevailing conditions or changing the amount of indoor air velocity. 
The main findings of the study were the variability of acceptable conditions at 
different times of the year, a good relationship between neutral and room 
temperatures and also between neutral and outdoor temperatures. These 
findings are similar to the pattern of results from many previous surveys. 
Attention to the role of thermal comfort in building design may reduce the need 
for air conditioning and increase the possibilities for achieving comfort by using 
simple passive cooling and heating technique. 
On the other hand such finding go to the heart of the "constancy" and variable 
models of thermal comfort. It is unlikely that the neutral temperature will be the 
same world-wide and that people will use various means at their disposal to 
improve their comfort condition. The constancy model can help design a 
building to l'omfort requirements for the occupants and the \'ariahk theory can 
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be used to identify the means by which occupants will make adjustments to 
achieve comfort equilibrium. 
This thesis included three main parts. First was a literature review on climatic 
and housing design in Iran (Chapters two and three) and a literature review on 
the theory of thermal comfort and some case studies of thennal comfort 
(Chapters four and five). In Chapter two a general outline of Iran's situation 
and climate and in particular the climate of Ilam were given. An understanding 
'"'-
of climate is important because of the relationship between climate and housing 
design and also between both and indoor comfort conditions. In Chapter three 
the climatic consideration in the traditional and contemporary housing design 
was considered. In spite of suitable or unsuitable housing design in Iran some 
'- '"'-
actions by people were noted in this chapter which showed that people use 
numerous strategies to achieve thermal comfort. 
The importance of thermal comfort studies has been recognised for a long time 
and is still acknowledged as is evidenced by the continued pursuance of comfort 
in present day. Thus Chapter four undertook the necessary background review 
of thermal comfort for a well based field survey. From various case studies in 
the Chapter five it is clear that the neutral temperatures varied according to 
different places and climatic regions but in all there was a good relationship 
between indoor temperature and neutral temperature as we II as between outdoor 
temperatures and neutrality. However the main point which is noted by 
Humphreys [1994] is "a thermal comfort field study can give an accurate 
estimate of the thermal environment linked by particular people in a particular 
building at a particular time" 
The second part of this thesis described four separate field sun'cys in Bam. In 
Chapter six the results of two field studies in traditional and contemporary 
housing during hot and cool seasons were presented. Both studies showed there 
was no significant difference in the neutral temperature between the two types 
of housing (less than O.SOC) as well as between male subjects and female 
subjects (also about O.SOC). The neutral temperature for the indoor ... ubjeds and 
outdoor subjects differed by about O.soC showing some of the difference is 
accounted for by changes in the clothing worn. It seems the seasonal change ... in 
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the neutral temperature (about 7°C) is attributed to changes in clothing and 
changes in mean indoor air velocity. The results of Chapter "ix showed that 
both air velocity and relative humidity had a mea~urable effect on thermal 
sensation. 
A simple linear regression gave findings for comfortable conditions of the 
subjects: the neutral temperature for the hot season subjects was approximately 
28°C and for cool season subject was 21°C. More than 80CK of Bam people 
were comfortable at range of about 24°C to 31.5°C during the hot season and at 
range of 17.5°C to 24°C in the cool season. These results were in line \\'ith 
results of two other field studies, which were presented in Chapter seven. There 
is no significant difference between neutral temperature of low-income subjects 
and other subjects, not only in terms of neutral temperature and acceptahility but 
also in terms of some adaptive behaviour. Chapter seven also showed the 
results of a systematic study of some adaptive behaviour which was quite usual 
behaviour for people in Iranian housing especially in the hot regions. Moving 
from one place to another according to environmental condition in a sample 
courtyard house was a good example of adaptive behaviour. 
Finally in the third section of this thesis a comparative analysis between results 
of this study and other studies in thermal comfort were discussed. Good 
agreement was found between the findings of this study and other field studies 
in terms of relationships between indoor air temperature and neutral temperature 
and between outdoor temperature and neutral temperature and some actions to 
achieve comfort. The results when compared with Fanger's study [1972] 
revealed no match between predicted mean vote (PMY) and actual mean vote 
(AMY) for Ilam subjects. 
The temperatures which Ilam people will find comfortable are predicted from 
the equation: 
Til = 17.3 + 0.36 Tom 
As a main finding the use of passive cooling and heating system to achieve and 
improve comfort condition is enough for housing design in lIam. 
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9.2 Limitation of this study 
1- The surveys were done for two seasons only and it would be better to do a 
survey covering the whole year in order to get the fuller picture 
2- The study is limited to the geographical area of Ilam 
3- Just naturally- ventilated housing was used 
4- The results are from courtyard housing and may differ for other types of 
housing, such as high-rise housing, workplaces or educational buildings 
9.3 Further research 
Some suggestion for future research could be as follows: 
1- In the present study a longitudinal survey represented only a small part of 
the work. It is important for assessing the impact of longitudinal surveys on 
the accuracy of the results that this kind of survey be repeated on a larger 
scale in Ilam 
2- As mentioned above the data were only for hot and cool periods, so a survey 
for the whole year data would be desirable 
3- There is a difference in thermal comfort during night- time and day- time. It 
seems there is a need for an investigation of thermal comfort study during 
night-time 
4- The importance of clothing as an adaptive measure for thermal comfort has 
been shown in this study. More research should be done on "dynami~" 
clothing values that vary over short periods of time and place in response to 
adaptive behaviour 
5- Computer models of thermal comfort should attempt to integrate the 
adaptive processes seen in this and other surveys. 
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Appendix A 
Instrumentation in the field surveys 
Humidity and Temperature sensors- Skye Data Hog SDL 
Humidity sensor 
~easurementrange 
Operating temperature 
Capacitance 
Limit temperature 
Pressure 
Time response 
Linearity deviation 
Hysteresis 
Reversible drift 
Stability 
Accuracy 
Temperature Sensors 
~easurement range 
Accuracy- PRT's 
Accuracy- thermistors 
0- 100% Rh 
-20°C to +70oe 
typically 500pf at 25°e and 75CJc Rh 
-40°C to + 1400 e 
0.04 to 30 Bars 
typically lOs between 10 and 75 clc Rh for 90% 
of the step 
typically 2.5% Rh between 10 and 90% Rh 
better than 0.5% Rh 
1 day at 97% Rh maximum of 2% Rh 
1 week at 97% Rh maximum of 3% Rh 
better than 2 % 
-20°C to +70oe 
standard units to BS 1904 DIN 43760 
(1I3rd DIN) max. error at ooe = +O.05°e 
(l/5 th & III oth DIN available to order) 
standard Fenwal type 10K ohms at 25':'C 
-curve matched. Accuracy D.2°C max. 
error over O°C to 600 e 
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Air Flow Meter- Solomat MPM 500e 
Multifunction Environmental Instrument 
U sage conditions 
Storage conditions 
Average 
Powering 
-20°CI 65°C without battery 
the average of a continuous set of measurements 
can be calculated by the processor. 
battery type of 9 volt pp3 
Hotwire Probe 228MS/GN (Air Speed Measurement) 
Range / Resolution 0.10 / 40.00 m1s 
Accuracy 2% rdg + 0.15 m1s 
Temperature range 
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Appendix B 
Metabolic rates of different activities 
ISO 7730- 1994 
Activity M~tabol;c rat~s 
Wlm.l ! md 
Reclining Sleeping, Lie down 46 , 0.80 , , i 
Seated, relaxed On chair, on carpet I Passive work 58 , 1.0 
Sedentary activity Or seated on armchair, standing 70 i 1.2 ! 
I 
Standing, light activity Cooking slowly or washing slowly 93 I 1.6 I : 
Standing, medium activity Cooking or washing 116 i 2.0 : I 
Walking level : 
2kmlh Or Gardening slowly 110 1.9 
3kmlh Or Weave, gardening 140 2.4 
4kmlh 165 2.8 
5kmlh 200 3.4 
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Appendix C 
Clothing insulation 
Description Local name Winter Summer 
Male Female Male F~mal~ 
Chadr Ghatrae 0.69 0.69 0.50 0.50 
Shalwar Jafy 0.34 0.34 0.29 0.29 i 
Sleeved shirt Joumae baldar 0.33 0.33 0.33 0.33 
Sweater Bleese 0.28 0.28 
-
-
Sleeveless shirt Joumae biball , , , 
- 1 0.25 
, 
0.25 - , , , 
, 
Vest Jelighae 0.10 ! 0.10 
, 
, 0.10 , 0.10 I 
, 
i 
Jacket Jacate 0.52 0.52 
, 
0.44 , 0.44 
Dress Joumae 
-
0.59 , 0.59 - , , 
, 
Skirt Daman 0.41 ! 0.41 - - I i , 
Socks Jiroo 0.03 0.03 0.03 0.03 
Sandals Sarpaii 0.03 0.03 0.03 i 0.03 
, 
Shoes Kosh 0.03 0.03 0.03 i 0.03 ! 
Shalwar-Kamees Jafy ve riah 0.87 
-
0.67 ! -
Trousers Sha va II 0.30 
, 
0.30 0.21 ! 0.21 
! 
Scarf Ban sary 0.15 0.15 0.15 I 0.15 
Head wear Sarvan 0.10 0.10 0.10 ! 0.10 i 
Shorts Zeer shavall 0.12 0.12 0.12 0.12 
Singlet Zeer joma 0.04 0.04 0.04 0.04 
Trousers/ Short Zeer shavally 0.06 0.06 0.06 0.06 
Light. summer jaket Yaghah haft 0.25 0.25 0.25 0.25 
Coat Coater 0.60 0.60 0.40 0.60 
Mantoo* Mantoo - 0.87 - 0.67 
* Manloo is like Shalwar- Kamees but for women 
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Appendix D 
Questionnaires 
1- July-August 1998- During hot season 238 
2- December 1998- During cool season 238 
3- July-August 1998- During hot season 239 
4- July- August 1999- During hot season 240 
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In the name of God ----____ Thermal comfon sun'~'S in lhe Iranian Courtyard hOlLSm~ 
Date ..... .1 ....... /1998 
Time 
Place 
Gender 
........................ 
........................ 
Age 
............... Year 
Weight: ............... kg 
Height: ............... em 
Please make a mark '''-J'' in the box which relates to your feeling: 
How do you feel at this moment? 
Cold Cool Slightly cool Neutral Slightly warm Warm 
Would you like to be: 
Cooler I No change Warmer 
How do you feel at this moment in terms of air flow? 
Still Just right Breezy 
How do you feel at this moment in terms of relative humidity? 
Dry Just right Humid 
What clothes are you wearing at this moment? 
Chader Mantoo Coat Dress 
Hot 
Shalwar Skirt Trousers I Light Jaket I 
I I 
Shalvar-
I I 
Sleeveless Sleeved Trousers 
Kamees Shirt Shirt Short 
Scarf I Head wear I Shorts Singlet 
Vest Sweater Jacket Socks 
Shoes Sandal 
What activity did you do in the last 15 minutes? 
General state of health? 
Good Normal Poor 
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In the name of God ________ Thermal comfon sun'eys in the Iranian courtyard holUing 
Date 
Time 
Gender 
..... J ....... / 1998 Age : ............... Year 
H . h elg t : ............... em 
Weight: ............... kg 
Please make a mark '''-J'' in the box which relates to your feeling: 
How do you feel at this moment? 
Cold Cool Slightly cool Neutral Slightly warm Warm Hot 
You are in the (at least from 10 minute ago): 
Room/Kitchen Ayvan Courtyard Basement Other 
What clothes are you wearing at this moment? 
Chader Mantoo Coat Dress 
Shalwar Skirt Trousers I Light Jakel I 
Shalvar- I I Sleeveless Sleeved I I Trousers Kamees Shirt Shirt Short 
Scarf I Head wear I Shorts Singlet 
Vest Sweater Jacket Socks 
Shoes Sandal 
What activity did you do in the last 15 minutes? 
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In the name of God ________ Thermal comfon sun'eys in the Iranian courryard ho".sm~ 
Date .... . .1 ....... / 1999 
Time 
Place 
Gender 
........................ 
Age 
............... Year 
Weight: ............... kg 
Height: ............... em 
Please make a mark ''-'J'' in the box which relates to your feeling: 
How do you feel at this moment? 
Cold Cool Slightly cool Neutral Slightly warm Warm HoI 
Would you like to be: 
Much cooler A bit cooler No change A bit warmer Much wanner 
What clothes are you wearing at this moment? 
Chader Mantoo Coat Dress 
Shalwar Skirt Trousers I Light Jaket I 
Shalvar-
I I 
Sleeveless Sleeved 
I I I 
Trousers 
I Kamees Shirt Shirt Short 
Scarf I Head wear I Shorts Singlet 
Vest Sweater Jacket Socks 
Shoes Sandal 
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